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ABSTRACT 
 
Precision agriculture techniques are an essential component to modern row 
crop agriculture in Iowa and can be used to create crop yield variability maps via 
geographic information systems.  The first objective of this thesis was to explore the 
methodology that could be used to locate significant long-term corn yield variability on 
the Iowa Des Moines Lobe.  A 158-ha site, consisting mainly of Clarion, Nicollet and 
Webster soil map units and containing multiple years of geo-referenced corn (Zea 
mays) yield data was selected.  A cluster analysis tool was performed to locate spatially 
consistent corn yield variability (high, low and mean yield clusters).  The mean yield of 
the entire site from 2005 to 2011 was 12052 kg ha-1 compared to the high and low 
clusters which were 13747 kg ha-1 and 10420 kg ha-1, respectively.  It was observed that 
12% of the site was consistently variable, of which 82%, occurred within the Clarion.  
This identification approach could be used as a basis for variable rate management 
which could increase yield, net profitability and sustainability.  The second objective 
was to explore the relationships of specific soil characteristics associated with the 
identified variability clusters.  High yielding clusters were deeper to maximum depth of 
mollic colors, higher in total carbon (TC) and total nitrogen (TN) content at 0 to 25 cm, 
higher in Mehlich 3 phosphorus (M3P) and Mehlich 3 potassium (M3K) content at all 
depths and higher in clay content at 0 to 25 cm and 26 to 100 cm compared to low 
yielding clusters.  At the 0 to 25 cm depth, 60% of yield variability was associated with 
TN, M3P and M3K and clay content.  These four soil characteristics were positively 
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correlated with yield (r= 0.73, 0.47, 0.41, 0.72, respectively).  However, 55% of yield 
variability was associated with TC and TN content at the 26 to 100 cm depth.  At the 
101 to 120 cm depth, 33% of yield variability was associated with pH and M3P content.  
This study illustrates the ability to associate yield variability within fields on the Des 
Moines Lobe of Iowa with specific soil characteristics.  
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CHAPTER 1. GENERAL INTRODUCTION 
 
Introduction 
 Precision agriculture is defined by Robert et al. (1995), Pierce and Nowak (1999) 
and Miao et al. (2006) as an integrated information and technology-based agricultural 
management system, aimed to manage spatial and temporal variability associated with 
all aspects of agricultural production for optimum profitability, sustainability and 
protection of the environment.  The essential feature of precision agriculture as 
discussed by Blackmore and Griepentrog (2002) is to identify and manage crop yield 
variability and the drivers behind it in order to improve existing systems, enhance 
profitability and minimize the negative impact of agriculture on the environment. 
Since the early 1990’s, yield monitors have become an essential component of 
many precision row crop farming operations.  According to Ping and Dobermann 
(2005), yield mapping is one of the most widely used precision farming technologies.  
Yield monitors produce geo-referenced yield information which can be analyzed to 
examine the magnitude and location of crop yield variability within a field.  Yield 
variability maps provide feedback for determining the association of weather, soil 
properties, management practices and crop yield.  Through an understanding of within 
soil map unit variation, the agricultural community will benefit by gaining access to new 
methods that will potentially increase crop yields and sustainability.  A basic 
understanding of crop yield variability may be obtained via yield maps of individual 
growing seasons.  However, due to management-induced errors and variability in 
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climate, it is necessary to analyze multiple years of geo-referenced yield data.  In doing 
this, crop yield variability patterns become visible and associations between the 
variability and soil characteristics can be determined (Blackmoore and Moore, 1999).   
With increased adoption of precision farming methods, large amounts of yield 
data are generated annually.  Unfortunately, analyses, interpretation and use of the 
data to explore underlying factors of within field and within soil map unit yield variation 
are consistently lagging behind the rate of data collection (Dobermann et al., 2003).   
However, application of geographic information systems (GIS) and spatial statistics to 
interpret yield data can optimize crop production management on a zonal or grid basis 
(McKinion et al., 2010).  
Determining the location of significant crop yield variability can be difficult since 
grain yields may vary both in space and in time (Eghball and Varvel, 1997; Jaynes et al., 
2003).  GIS mapping techniques can help to identify hotspots (areas of significant 
variability), but statistical differences cannot be assessed.  In order to effectively 
interpret spatial yield data on a large scale, local Moran’s 1 may be used (Getis and Ord, 
1992; Anselin, 1995; Getis and Ord, 1996).  Local Moran’s 1 enables hot spots to be 
identified based on comparison between individual points with neighboring points 
(Zhang et al., 2008).  Local Moran’s 1 distinguishes between low and high-value (low-
yield and high-yield) hotspots (Zhang and Lin, 2006).  Local Moran’s 1 has been used 
successfully to locate hotspots in lead pollution (Zhang et al., 2008), carbon 
concentrations (Zhang and McGrath, 2004), and spatial distribution of lung cancer 
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patients in Long Island (Goovaerts and Jacquez, 2004).  However, Local Moran’s 1 
ability to identify hotspots in crop yield data, specifically in corn (Zea mays), and over a 
period of several cropping years, is poorly understood.   
The first component of this study determined if “Anselin Local Moran’s 1 cluster 
analysis tool” (ESRI, 2012) is an accurate and precise method for mapping and 
quantifying long-term corn yield variability on the Des Moines Lobe of North Central 
Iowa.   
  Corn yield variability may be associated with several management, climatic, 
soil physical and chemical factors.  According to Papiernik et al. (2005), spatial 
variability in crop yields and quality is often related to the spatial variability in soil 
quality indicators.  Bruce et al. (1988), Kosmas et al. (2001), Sparovek and Schnug 
(2001), Johnson et al. (2002), Cox et al. (2003), Kravchenko et al. (2003) and Papiernik 
et al. (2005) also documented that within-field variability of soil characteristics 
including soil depth, available soil water, nutrients, pH, organic matter content and clay 
content affect yield.  Grain yields may be depressed in areas of a field susceptible to 
low soil moisture, especially those with coarse soil texture, and low organic matter 
contents.  Yields tend to be lowest in eroded areas where calcareous subsoil is exposed 
and highest in concave positions, which have relatively deep topsoil (Kravchenko and 
Bullock, 2000; Stewart et al., 2002; Cox et al., 2003).  There is a need to explore the 
relationship between long-term spatial corn yield variability determined by “Anselin 
Local Moran’s 1 cluster tool” and soil physical and chemical properties.   
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The second component of this study focused on determining whether soil 
chemical and/or physical characteristics were associated with significant long-term 
yield variability found using “Anselin Local Moran’s 1 cluster analysis tool” (ESRI, 2012).    
Explanation of Thesis Format 
This thesis consists of two papers prepared in the standard format for articles to 
be published in scientific journals.  These two papers are preceded by a general 
introduction which describes the rationale for conducting this study and the specific 
research questions being addressed.  The two papers include an abstract, introduction, 
materials and methods, results and discussion, conclusion, recommendations for 
further study and references.  Tables and figures are presented on separate pages at 
the end of each paper as required by several journals.  Additional data are contained in 
Appendices following paper II.    A general conclusion at the end of paper II ties 
together conclusions from papers I and II. 
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CHAPTER 2. ASSESSMENT OF MULTI-YEAR VARIATION OF CORN YIELDS ON THE DES 
MOINES LOBE OF IOWA 
 
A paper to be submitted to Precision Agriculture 
M.T. Streeter and A. Manu 
Graduate Student and Major Professor, respectively, Department of Agronomy, Iowa 
State University. 
 
 
  Abstract 
Precision agriculture techniques are an essential component to modern row 
crop agriculture in Iowa.  Since the early 1990’s, yield monitors have become an 
essential component of many precision row crop farming operations.  Yield variability 
maps can be created using crop yield data and geographic information systems.  The 
objective of this paper was to explore the methodology that could be used to locate 
significant long-term corn yield variability on the Iowa Des Moines Lobe.  A 158-ha site, 
consisting mainly of Clarion, Nicollet and Webster soil map units and containing 
multiple years of geo-referenced corn (Zea mays) yield data was selected for this study.  
“Anselin local Moran’s 1 Cluster Analysis Tool” was performed on the data to locate 
spatially consistent corn yield variability (high, low and mean yield clusters) over a 
seven-year period.  Overall mean yields of identified clusters were compared to that of 
the entire study site.  The mean yield of the entire study site from 2005 to 2011 was 
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12052 kg ha-1 compared to mean yields for the high and low clusters which were 13747 
kg ha-1 and 10420 kg ha-1, respectively.  It was observed that 12% of the study site was 
consistently variable.  The greatest amount of consistent variability, 82%, occurred 
within the Clarion soil map units.  We conclude from this study that long-term yield 
variability was successfully identified. This approach could be used as a basis for 
variable rate management for growers that could be used as a means to increase yield 
and/or net profitability and sustainability. 
Introduction 
Precision agriculture techniques are essential components of modern row crop 
agriculture in Iowa.  Precision agriculture is necessary to identify and manage crop yield 
variability and the drivers behind it to improve existing systems, enhance profitability 
and minimize the negative impact of agriculture on the environment (Blackmore, 
2002).  Since the early 1990’s, yield monitors have become an essential component of 
many precision row crop farming operations.  According to Ping and Dobermann 
(2005), yield mapping is one of the most widely used precision farming technologies.  
Yield variability maps can be created using geographic information systems (GIS) which 
provide feedback for determining the association of weather, soil properties, 
management practices and crop yield.   
A basic understanding of crop yield variability may be obtained via yield maps of 
individual growing seasons.  However, due to management-induced errors and 
variability in climate, it is necessary to analyze multiple years of geo-referenced yield 
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data.  In doing this, crop yield variability patterns become visible and associations 
between the variability and soil characteristics can be determined (Blackmoore and 
Moore, 1999). 
Determining the location of significant crop yield variability can be very difficult 
since grain yields may vary both in space and in time (Eghball and Varvel, 1997; Jaynes 
et al., 2003).  GIS mapping techniques can help to identify hotspots (areas of significant 
variability), but statistical differences cannot be assessed.  In order to effectively 
interpret spatial yield data on a large scale, local Moran’s 1 statistics may be used (Getis 
and Ord, 1992; Anselin, 1995; Getis and Ord, 1996).  Local Moran’s 1 enables hot spots 
to be identified based on comparison between individual points with neighboring 
points (Zhang et al., 2008).  Local Moran’s 1 distinguishes between low and high-value 
(low-yield and high-yield) hotspots (Zhang and Lin, 2006).   
Selection of an appropriate study site is crucial for the accurate location of crop 
yield variability.  Many factors can inhibit the identification of consistent yield 
variability within a field including rainfall and other climatic factors, inconsistent short-
term and long-term management, and accuracy and precision of spatially geo-
referenced yield data (Schepers et al., 2004).  Crop growth variability can be influenced 
by interactions among biotic and abiotic factors (Mulla and Schepers, 1997; Saddler et 
al., 2000).  Biotic factors include plant genotype, diseases, pests and soil fauna.  Abiotic 
factors include soil physical and chemical properties, moisture characteristics and 
climatic conditions.  According to Huggins and Alderfer (1995), Sadler et al. (1995) and 
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Schepers et al. (2004), practical application of yield mapping to identify management 
zones has been plagued by spatial and temporal variation in measured yield.   
The objective of this study was to determine if “Cluster and Outlier Analysis 
(Anselin Local Moran’s 1)” cluster analysis tool (ESRI, 2012) could be used to analyze 
multiple years of geo-referenced corn yield data to successfully identify persistent 
areas of yield variability on a relatively large scale on the Des Moines Lobe of Iowa.   
Materials and Methods 
Study Site 
An initial 750 ha study site was located on the Des Moines Lobe in Franklin and 
Wright counties of Iowa (Figs. 1a and 1b).  The enveloping geographic x and y 
coordinates (decimal degrees) are (-93.523574, -93.396759) and (42.752237, 
42.800196), respectively.  All soils at the study site formed in glacial drift and/or local 
alluvium.  According to Ruhe (1969) and Stewart et al. (1987), the drift sheet deposited 
by the Late Wisconsinan Des Moines Lobe in Iowa contains large areas of ground 
moraine characterized by small, regularly spaced parallel ridges, generally consisting of 
till, aligned transverse to ice movement.  Soil map units identified at the site include 
Clarion 138B and 138C2 (Fine-loamy, mixed, superactive, mesic Typic Hapludoll), 
Nicollet (Fine-loamy, mixed, superactive, mesic Aquic Hapludoll) and Webster (Fine-
loamy, mixed, superactive, mesic Typic Endoaquoll). This is the major soil association of 
the area (Soil Survey Staff, 2013).  This major soil association comprises 62% of the 
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initial study site.  Other soils identified in the study site include Canisteo, Coland, Harps, 
Knoke, Okoboji, Storden, Terril and Zenor.  Slopes ranged from 0 to 10% and all the 
soils developed under prairie vegetation and are currently being used for corn (Zea 
mays) and soybean (Glycine max) cropping systems. 
 Preliminary analysis of the original data indicated that the initial study site was 
overwhelming in terms of data volume and number of soil series represented.  A 158-
ha area consisting of 2 fields was therefore selected for this study (Fig. 1c).  The 
approximate enveloping geographic x and y coordinates (decimal degrees) were (-
93.5274, -93.506212) and (42.793016, 42.800196) for the fields in Wright County.  
Reducing the size of the study site was necessary to provide consistency of several site 
characteristics.   
Ninety one percent of the selected study site area is in the Clarion, Nicollet, 
Webster soil association.  Figure 2 shows the spatial distribution of the Clarion, Nicollet 
and Webster soil map units in the 2 fields.   
Annual mean air temperature for the study site is 8 °C and annual mean 
precipitation is 86 cm (ISU, 2012).  The final study site maintained a consistent daily 
climate, consistent yearly mean temperature, mean annual rainfall and number of 
growing degree days (ISU, 2012).  Table 1 gives a summary of the monthly rainfall 
distribution for the potential growing season (April through October) for the study site 
from 2005 to 2011 (ISU, 2012).  Rainfall amounts ranged from 572 mm in 2011 to 803 
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mm in 2007.  It is assumed that multiple years of data with varying climatic conditions 
would allow us to locate consistent yearly corn yield variability independent of climate 
(Rose, 1936).  
The final study site was also chosen based on consistent yearly mean yields of 
the 2 fields and equally consistent mean yields of soil map units within fields as 
presented in Tables 2 and 3.   The standard deviations associated with overall mean 
corn yield data for fields and for soil map units are displayed in Fig. 3.  The largest 
difference in mean yields was obtained when comparing the overall mean yield 
between field 1 and field 2.    In this case, field 1 yields were 1% higher than field 2, but 
this was not statistically different.     
Site Management 
It was necessary to choose a site where variation in management was also 
minimized.  The study site has been managed consistently since 2005 by one manager 
and was pattern tile drained on 30 m spacing at approximately 1.2 m depth prior to 
1996.  Yearly management practices including field preparation, fertilizer application 
and planting dates were consistent within the final study site.  Planting dates were 
comparable within years for each field within the study site, but vary among years 
(Table 4).  The largest difference in yearly planting dates occurred in 2007 when field 2 
was planted 4 days later than field 1.   
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The study site was used for a corn and soybean rotation.  In preparation for 
cultivation of corn, the manager made one pass across the site with a disk ripper at 
approximately 25 cm in the fall.  In the spring, the manager made one pass across the 
site with a mulch finisher and then plants with a 12 m planter that was capable of 6 m 
variable rate planting.  Anhydrous ammonia, diammonium phosphate (DAP) and potash 
fertilizers were applied based on recommended crop removal rates.  Weed control was 
based on need and it was performed using conventional chemical herbicides, but not 
through cultivation.   
Accurate and precise yearly data collection was crucial to obtain yield 
information that could be used to study yield variability patterns.  Geo-referenced corn 
yield data was collected from 2005 to 2011 by the manager using vehicle-based real 
time kinematic GPS (RTK-GPS).  RTK-GPS is defined by Schmid (2005) as a form of 
differential-GPS (DGPS) that uses carrier phase ambiguity resolution to achieve 
horizontal accuracies of less than 1 cm and vertical accuracies from 2 to 10 cm.  The 
study site was managed using a corn and soybean rotation. Therefore, 4 years of corn 
yield data have been collected since 2005.  Crops were harvested each year with a John 
Deere combine harvester pre-calibrated to John Deere and John Deere Ag. 
Management Solutions standards (Deere and Company, 2013).  Yield collection was 
based on an 8 row (6 m) corn head at 1 second intervals.  Based on operator harvesting 
speed (6 km h-1), a yield grid approximately 6 m by 1.6 m was created.  Corn was 
immediately transported from the field to a local cooperative where a test weight was 
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determined. During harvest, “low flow compensation” procedures were followed when 
potentially low yielding areas were observed to ensure accurate grain yields.  Data 
were post calibrated with cooperative test weight data during harvest using “row 
calibration” and after harvest using JD Map and Apex Farm Management Software 
(Deere and Company, 2013).  These data were exported as .shp files and analyzed in 
ESRI Arc GIS 10.0 (ESRI, 2012).     
Derivation of Data Set 
 Since climate, management, yield and soils were considered consistent 
between fields 1 and 2, crop yield variability was analyzed for the entire selected study 
site by combining data from fields 1 and 2.   
All geo-referenced crop yield data contains exceptions and inclusions that 
deviate from the true mean yield (Blackmore, 1999).  Therefore, to locate specific areas 
of significant yield variability, it was first necessary to remove any untrue or “extreme” 
values from the data set.  Raw yield data imported to ESRI Arc GIS 10.0 (ESRI, 2012) 
could contain false information in addition to true field yields.  False information could 
be generated through operator error.  For example, when the operator stopped in the 
middle of a pass across the field or was in the process of turning around at an end row 
(turn row), the harvester continued to thresh although no new grain was being 
collected into it.  This can cause false or “extreme” yield values to be recorded 
(Blackmore and Marshall, 1996; Arslan and Colvin, 2002).  Since these kind of extreme 
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values occur primarily in end rows, they can easily be removed without substantially 
influencing the resulting data set.  In addition to this possible yield anomaly, unrealistic 
low and high yields were also removed.  Using an original yield removal script (Fig. 4), 
extreme low and high yields (zero yields and any yield values greater than or equal to 5 
standard deviations from the overall mean yield (approximately >25108 kg ha-1)) were 
removed from the data set.  The resulting data set (Table 5) was then used for all 
further analyses. 
Derivation of Yield Variability Clusters 
 Clusters of yield variability were created by grouping yield observations into a 
set number of temporal yield patterns (Jaynes et al., 2003).  Clusters can be generated 
and analyzed on a yearly or multi-year basis.  To generate clusters, “Cluster and Outlier 
Analysis (Anselin Local Moran’s 1)” was used (ESRI, 2012).  This tool created the 
following attributes to characterize variability within the field: I index, z score, p-value 
and cluster/outlier (CO) type.  A positive I index indicates a feature that has neighboring 
features with similarly high or low attribute values and was therefore part of a cluster.  
A negative I index indicates that a feature has neighboring features with dissimilar 
values and was therefore an outlier.  A feature with a high positive z score that was 
statistically different from the mean (P>0.05 significanct level) indicates that 
surrounding features have similar values.  These features were labeled as either a “high 
cluster” (significantly higher than the mean yield) or a “low cluster” (significantly lower 
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than the mean yield).  A low negative z score that was statistically different from the 
mean (P>0.05 significanct level) indicates that surrounding features have dissimilar 
values.  These features were labeled as spatial outliers.  When considering either the I 
index or z score values, the representative p-value must be considered statistically 
significant (<0.01) (Anselin, 1995; Zhang and Lin, 2006; Zhang et al., 2008; Fischer and 
Getis, 2010).  In order to conceptualize the spatial relationship of one feature to its 
neighbor, inverse distance weighting (IDW) was used.  This allowed nearby neighboring 
features to have a larger influence on the computations for a target feature than 
features that were further away.  Euclidean Distance is defined as “the straight-line 
distance between two points” and was used to determine the proximity of neighboring 
features (ESRI, 2010).   
 Visual comparisons of mean yields analyzed by year (Fig. 5) did not show any 
distinct yield variability within the study site.  Therefore, it was decided to use the 
“Cluster and Outlier Analysis (Anselin Local Moran’s 1)” tool (ESRI, 2012).  As a 
requirement of this cluster tool, a negative buffer the width of 1 harvest cell (6 m), was 
created around each field to ensure that when calculating the spatial relationship 
between points, each point had at least one full radius for IDW comparisons.  Yields for 
all years were left independent and the cluster analysis was performed on a by year 
basis (Fig. 6).  Individual year analysis successfully located significant clusters of crop 
yield variability.   
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GIS mapping techniques can also help to identify intersecting clusters (areas of 
consistent yearly variability).  In order to effectively identify where yearly clusters 
overlapped, the “intersecting layers masks (cartography)” tool (ESRI, 2012) was used.  
By using this tool, high and low clusters of variability that were consistently 
represented spatially during each of the four years of the study were identified (Fig. 7).  
Results and Discussion 
The Data Set  
This study utilized two separate and distinct fields containing four years of geo-
referenced corn yield data.  Through the process of removing extreme values from the 
data set, mean corn yields for field 1 changed from 11989 to 12115 kg ha-1 and reduced 
the standard deviation from 2574 to 1506.  Mean corn yields for field 2 changed from 
11926 to 11989 kg ha-1 and reduced the standard deviation from 2322 to 1381.  This 
successful elimination of potentially false yield values resulted in a database that 
allowed for accurate identification of corn yield variability patterns. 
  Summary corn yield statistics for the two fields and for the Clarion, Nicollet and 
Webster soil map units, were generated to ascertain that both fields and the different 
soil map units were not different in terms of average yield.  When data were 
aggregated by field, mean yearly corn yields ranged from 12052 to 12617 kg ha-1 in field 
1 with an overall mean of 12115 kg ha-1 for the four years of the study (Table 2).  Mean 
corn yields ranged from 11173 to 12617 kg ha-1 in field 2 with an overall mean of 11989 
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kg ha-1.  Separation of means did not show any differences in overall mean yields 
between fields 1 and 2 (data not shown).  Figure 3 shows standard deviations 
associated with mean yields.  When data were aggregated by soil series, mean corn 
yields ranged from 11236 to 12805 kg ha-1 for the clarion soil with an overall mean of 
12115 kg ha-1 (Table 3).  Mean corn yields ranged from 11299 to 12868 kg ha-1 for the 
Nicollet soil with an overall mean of 12177 kg ha-1 and mean corn yields ranged from 
11048 to 12805 kg ha-1 for the Webster soil with an overall mean of 12115 kg ha-1.  
Separation of means did not show any differences in overall mean yields between soil 
series within fields or between fields (data not shown).  This is also illustrated in Figure 
3.  This yield analysis justified the combination of fields 1 and 2 to identify the location 
of yield variability clusters.   
Locating Yield Variability Clusters 
 Using the newly refined data set, clusters of corn yield variability were identified 
using “Anselin Local Moran’s I cluster analysis tool” (ESRI, 2012).  The cluster analysis 
tool located significant areas of low-value and high-value (low-yield and high-yield) 
hotspots as well as statistical outliers (Fig. 6).  Cluster analysis was first carried out on 
data aggregated by year.  This resulted in distinct areas with significant variability.   
Table 6 details the percent coverage of clusters and outliers for the study site and in the 
major soil map units within the study site for each year.   
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Results from the independent year analysis (Table 6), show that on average, 
22% of the total area of the study site was identified as clusters of variability.  Analyzing 
the data as a function of soil map unit, 29%, 30% and 47% of Clarion, Nicollet and 
Webster soil map units, respectively, were identified as clusters of variability.  This 
independent year analysis also showed that an average 10% of the total area of the 
study site could be defined as an outlier.  To examine the relationship (the degree of 
impressibility) between clusters and outliers, a ratio of percent clusters to percent 
outliers was calculated.  Clusters were better defined in areas with a high cluster to 
outlier ratio.  A ratio of 2.1 was obtained for the entire study period, for the entire 
study site.  When summarizing soil map unit data for independent year analysis (Table 
6), 5% of Clarion, 8% of Nicollet and 18% of Webster soil map units were defined as 
outliers.  The ratios for independent year analysis were: 5.8 for Clarion, 3.8 for Nicollet 
and 2.6 for Webster.      
Based on cluster to outlier ratios, it may be concluded that using “Anselin Local 
Moran’s I cluster analysis tool” (ESRI, 2012) for independent year analysis resulted in 
spatially distinct clusters and a relatively smaller quantity of outliers.  This relationship 
could be largely due to the nature of the cluster analysis tool.  When more points are 
present within an individual point’s calculation radius (i.e. a turn row), it was more 
difficult to statistically locate entire clusters (multiple consecutive points) that were 
higher or lower than the mean yield.  When this happened, what potentially was a 
cluster of variability was instead labeled an outlier (Fig. 6).   
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Identifying Consistent Yield Variability 
To identify areas with consistent yearly variability, the “intersecting layers 
masks (cartography)” tool (ESRI, 2012) was used.  After using this tool on the study site, 
areas with significant yield variability was reduced from 22% to 12%.  After the cluster 
intersection analysis was complete, it was possible to compare amounts and location of 
intersecting clusters in the different soil map units within the study site.  Of the 12% of 
recurring variability within the site, 82% of intersecting clusters were identified within 
the Clarion soil map units (Fig. 7).  It must be recalled that when comparing mean corn 
yields of the three major soil series, no significant differences were obtained (Fig. 3).  
However, when comparing consistent yield variability it was observed that both high 
and low clusters of variability were found more consistently within the Clarion soil map 
units.   
Although the reason for this relationship is not fully understood, there may be 
some specific attributes of the Clarion soil that enhances consistent crop yield 
variability.  A possible explanation could be the drainage class of the soil.  The typical 
Clarion soil was described as moderately well drained.  The Nicollet and Webster soils 
are somewhat poorly and poorly drained, respectively.  Since the Clarion was deeper to 
water, soil texture, which is a dominant factor influencing available water holding 
capacities, could enhance crop yield variability in specific locations throughout the field.  
It must be emphasized that soil texture may vary greatly within the Clarion series as 
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this soil was mapped in areas with intermixed glacial outwash, till and local alluvium 
(Ruhe, 1969; Stewart et al., 1987).  
Another reason for extreme variability on the Clarion could also be in part to 
anthropological soil morphology.  A large portion of the area that was classified as high 
yield clusters was a farmstead up till the 1980’s. When the farmstead was removed, the 
land was turned into permanent row crop agriculture.  Building sites and paddocks 
where livestock were held were evident from aerial photos as early as the 1930’s.  
Manure deposited from these sites to the soil may have long-term influences on crop 
yields. 
Conclusion 
 Many factors can influence corn yield variability.  This variability is not well 
expressed in yield maps of raw yield.  To effectively identify spatial clusters of yield 
variability in a field, it was necessary to prepare a data set that contained only truly 
accurate and precise yield data that did not contain any extreme values.  The data set 
used for this study contained multiple years of data that had been collected 
consistently by one manager.  By using “Anselin Local Moran’s I cluster analysis tool” 
(ESRI, 2012), high and low yield clusters as well as statistical outliers were identified.  By 
intersecting individual years of clusters, areas with consistent and statistically higher or 
lower mean yields were identified.   
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 Through the utilization of the cluster identification methodology, specific high a 
low yielding areas within the study site were spatially identified.  It was observed that 
12% of the study site was consistently variable from 2005 to 2011.  This identified area 
of the study site could potentially lead to new management prescriptions that could 
increase yield and/or net profitability and sustainability. 
To understand the success of the cluster identification tool, the overall mean 
yields of the identified clusters were compared to that of the entire study site.  The 
mean yield of the entire study site from 2005 to 2011 was 12052 kg ha-1 compared to 
the mean yield for the high and low clusters which were 13747 kg ha-1 and 10420 kg  
ha-1, respectively.  
 A follow up study may be necessary to test whether the same procedure used 
to detect variability at the study site will be equally effective at locating variability at a 
location of different management strategies and at a location where soil and 
landscapes are different.  Also, it will be necessary to develop a procedure to determine 
the association of the variability to soil chemical and physical characteristics in order to 
improve management strategies in regards to economics and environmental 
sustainability.  It will also be necessary to sample cluster sites where variability 
occurred only 50% or 75% of the time rather than during all four years of the study.  
This will broaden the cluster identification area and will potentially have a greater 
impact on environmental and economic management strategies. 
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Table 1. Summary of monthly and overall rainfall (mm) for final study site. 
Year Apr May Jun Jul Aug Sep Oct Total 
2005 135 102 185 84 84 109 3 701 
2007 71 104 76 84 290 58 119 803 
2009 48 117 130 18 56 74 142 584 
2011 89 91 137 97 99 33 25 572 
 
 
Table 2. Summary statistics of corn yields (kg ha-1) for study site fields 1 and 2. 
Year Minimum Maximum Mean Std. Deviation 
Field 1 
2005 66 23881 12603 1815 
2007 71 23369 11712 1349 
2009 66 24312 12140 1502 
2011 339 24479 12063 1197 
Average 66 24479 12123 1510 
Field 2 
2005 66 24582 12670 1643 
2007 70 24921 11664 1253 
2009 81 23988 11304 1378 
2011 268 24195 12518 1018 
Average 66 24921 12090 1425 
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Table 3. Summary statistics of corn yields (kg ha-1) for soil map units in fields 1 and 2. 
Soil Series Year Minimum Maximum Mean Std. 
Deviation Field 1 
Clarion 2005 63 23727 12805 1444 
Clarion 2007 942 21091 11738 1255 
Clarion 2009 63 20777 12052 1443 
Clarion 2011 1569 19773 12115 1067 
Average 
Clarion 
 63 23727 12177 1381 
Nicollet 2005 63 23037 12805 1758 
Nicollet 2007 63 23350 11738 1506 
Nicollet 2009 188 24041 12177 1678 
Nicollet 2011 2009 24355 12177 1255 
Average 
Nicollet 
 63 24355 12240 1632 
Webster 2005 690 23853 12805 1506 
Webster 2007 251 19898 11801 1318 
Webster 2009 338 22580 12441 1406 
Webster 2011 4771 24480 12177 1381 
Average 
Webster 
 251 24480 12303 1444 
Field 2 
Clarion 2005 63 24606 12805 1381 
Clarion 2007 63 24920 11612 1130 
Clarion 2009 188 23978 11236 1089 
Clarion 2011 251 23915 12491 942 
Average 
Clarion 
 63 24920 12052 1318 
Nicollet 2005 63 24480 12868 1318 
Nicollet 2007 314 24543 11612 1067 
Nicollet 2009 126 16822 11299 996 
Nicollet 2011 502 24166 12554 942 
Average 
Nicollet 
 63 24543 12115 1255 
Webster 2005 63 23790 12491 1946 
Webster 2007 251 24857 11550 1444 
Webster 2009 81 23867 11067 1499 
Webster 2011 3452 23790 12554 1188 
Average 
Webster 
 63 24857 11926 1632 
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Table 4. Summary of yearly planting dates for fields 1 and 2. 
Field 2005 2007 2009 2011 
1 30-Apr 10-May 22-Apr 3-May 
2 29-Apr 14-May 23-Apr 4-May 
 
 
Table 5. Sample output from cluster analysis. 
Object Yield(kg ha-1) I index z score p-value CO type year farm 
14044 14094 8.45 2.05 0.04 HH 2005 1 
14045 14094 8.45 2.05 0.04 HH 2005 1 
14046 1443 8.46 2.05 0.04 HH 2005 1 
14047 14094 8.46 2.05 0.04 HH 2005 1 
14048 14094 8.46 2.05 0.04 HH 2005 1 
14049 14094 8.46 2.05 0.04 HH 2005 1 
14050 14094 8.46 2.05 0.04 HH 2005 1 
14051 1678 8.46 2.05 0.04 HH 2005 1 
14052 14095 8.46 2.05 0.04 HH 2005 1 
14053 14095 8.46 2.05 0.04 HH 2005 1 
14054 14096 8.46 2.05 0.04 HH 2005 1 
14055 14096 8.47 2.05 0.04 HH 2005 1 
14056 1406 8.47 2.05 0.04 HH 2005 1 
14057 14097 8.47 2.05 0.04 HH 2005 1 
14058 14097 8.47 2.05 0.04 HH 2005 1 
14059 14098 8.47 2.05 0.04 HH 2005 1 
14060 14098 8.48 2.05 0.04 HH 2005 1 
14061 14098 8.48 2.05 0.04 HH 2005 1 
14062 14099 8.48 2.05 0.04 HH 2005 1 
14063 14099 8.48 2.05 0.04 HH 2005 1 
14064 14099 8.48 2.05 0.04 HH 2005 1 
14065 14100 8.48 2.05 0.04 HH 2005 1 
14066 14100 8.49 2.05 0.04 HH 2005 1 
14067 14101 8.49 2.05 0.04 HH 2005 1 
14068 14101 8.49 2.06 0.04 HH 2005 1 
14069 14101 8.49 2.06 0.04 HH 2005 1 
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Table 6. Summary of estimated variability as percent for soil series by year and entire 
study site. (HH= high yield, HL= high outlier, LH= low outlier, LL= low yield) 
Area HH HL LH LL Total Outlier 
2005 
Clarion 10 0 9 0 10 9 
Nicollet 12 0 11 0 12 11 
Webster 14 0 31 0 14 31 
Entire Study 
Site 
11 0 10 0 11 10 
2007 
Clarion 4 3 1 10 14 3 
Nicollet 6 4 1 9 15 5 
Webster 9 9 2 19 28 11 
Entire Study 
Site 
10 1 14 3 13 15 
2009 
Clarion 16 6 0 22 39 6 
Nicollet 34 10 1 10 43 11 
Webster 42 14 1 25 67 15 
Entire Study 
Site 
7 6 2 14 22 8 
2011 
Clarion 20 1 1 32 52 3 
Nicollet 28 2 3 20 48 5 
Webster 43 6 9 35 78 15 
Entire Study 
Site 
25 8 1 16 41 8 
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# --------------------------------------------------------------------------- 
# no extreme values script.py 
#   (generated by ArcGIS/ModelBuilder) 
# Usage: no extreme values script <Input_Folder> <Max_Value> <Output_Folder>  
# Description:  
# This tool will remove all features that are equal to 0 bushels or greater than the 
amount entered into the Max Value. A new shapefile will be created in the folder 
specified, Output Folder. This allows the original data to stay in tact. 
# --------------------------------------------------------------------------- 
 
# Import arcpy module 
import arcpy 
 
# Load required toolboxes 
arcpy.ImportToolbox("Model Functions") 
 
# Script arguments 
Input_Folder = arcpy.GetParameterAsText(0) 
 
Max_Value = arcpy.GetParameterAsText(1) 
 
Output_Folder = arcpy.GetParameterAsText(2) 
 
# Local variables: 
Feature_Class = Input_Folder 
v_Name_ = Feature_Class 
Name = Input_Folder 
 
# Process: Iterate Feature Classes 
arcpy.IterateFeatureClasses_mb(Input_Folder, "", "", "NOT_RECURSIVE") 
 
# Process: Select 
arcpy.Select_analysis(Feature_Class, v_Name_, "\"VRYIELDVOL\" >= 1 and 
\"VRYIELDVOL\" < %Max Value%") 
 
 
Figure 4.  Script for removing extreme yield values. 
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CHAPTER 3. IDENTIFICATION OF RELATIONSHIPS BETWEEN CORN YIELD VARIABILITY 
AND SELECTED SOIL CHARACTERISTICS ON THE DES MOINES LOBE OF IOWA 
 
A paper to be submitted to the Soil Science Society of America Journal 
M.T. Streeter and A. Manu 
Graduate Student and Major Professor, respectively, Department of Agronomy, Iowa 
State University. 
 
Abstract 
Identifying relationships between soil characteristics and corn (Zea mays) yield 
is essential to modern precision agriculture in Iowa.  The objective of this paper was to 
explore the relationships of specific soil characteristics associated with high, low and 
mean yield variability clusters.  A 158-ha study site containing pre-identified yield 
variability data were intensively analyzed.  High yielding clusters were deeper to 
maximum depth of mollic colors, higher in total carbon (TC) and total nitrogen (TN) 
content at 0 to 25 cm, higher in Mehlich 3 phosphorus (M3P) and Mehlich 3 potassium 
(M3K) content at all depths, lower in sand content at 0 to 25 cm and 26 to 100 cm and 
higher in clay content at 0 to 25 cm and 26 to 100 cm compared to low yielding 
clusters.  At the 0 to 25 cm depth, 60% of identified corn yield variability was associated 
with TN, M3P and M3K and clay content.  These four soil characteristics were all 
positively correlated with yield (r= 0.73, 0.47, 0.41, 0.72, respectively).  However, 55% 
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of identified corn yield variability was associated with TC and TN content at the 26 to 
100 cm depth.  At the 101 to 120 cm depth, 33% of identified corn yield variability was 
associated with pH and M3P content.  This study illustrates the ability to associate yield 
variability within fields on the Des Moines Lobe of Iowa with specific soil characteristics.  
Continued research is necessary to expand the model utilized beyond the current study 
site.    
Introduction 
 Identifying relationships between soil characteristics and corn (Zea mays) yield 
is essential to modern precision agriculture in Iowa. Understanding these relationships 
provides a foundation for increasing gross productivity of Iowa farms and increasing 
economic and environmental sustainability.   
Crop growth variability is influenced by interactions among biotic and abiotic 
factors (Mulla and Schepers, 1997; Sadler et al., 2000).  Biotic factors include: plant 
genotype, diseases, pests and soil fauna.  Abiotic factors include: soil physical and 
chemical characteristics as well as moisture conditions. 
Corn yield variability may be associated with several management, climatic, soil 
physical and chemical factors.  According to Papiernik et al. (2005), spatial variability in 
crop yields and quality is often related to the spatial variability in soil quality indicators.  
Within-field variability of soil characteristics including soil depth may influence crop 
yield variability.  Grain yields are often suppressed in shoulder hill slope positions 
where tillage erosion has occurred but are high in areas of sediment deposition 
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(Sparovek and Schnug, 2001 and Papiernik et al., 2005).    Bruce et al. (1988), concluded 
that clay and organic matter contents influence available soil water as a regulating 
variable that may influence crop yield variability.  Shallow soil has been observed on 
convex slopes and contains greater percentages of sand and rock fragments and lower 
percentages of clay and available water (Kosmas et al., 2001).  Areas in fields with high 
clay content yield higher, suggesting clay could be used as a basis for site-specific soil 
management (Cox et al., 2003).  It has also been observed that soil pH, phosphorus and 
soil organic matter may directly influence crop and fiber yields (Johnson et al., 2002).  A 
strong negative relationship between electrical conductivity, organic matter and crop 
yield was observed by Kravchenko et al. (2003).  Grain yields may be depressed in areas 
of a field susceptible to low soil moisture conditions, especially those with coarse soil 
texture and low organic matter contents.  Yields tend to be lowest in eroded areas 
where calcareous subsoil is exposed and highest in concave positions, which have 
relatively deep topsoil (Kravchenko and Bullock, 2000; Stewart et al., 2002; Cox et al., 
2003).  
According to Huggins and Alderfer (1995), Sadler et al. (1995) and Schepers et 
al. (2004), practical application of yield mapping to identify management zones has 
been plagued by spatial and temporal variation in measured yield.  Selection of an 
appropriate study site was therefore essential to accurately locate significant 
associations between crop yield variability and soil characteristics.  Factors known to 
affect the identification of these associations within a field include rainfall and other 
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yearly climatic conditions, inconsistent short- and long-term management, and 
accuracy and precision of spatially geo-referenced yield data (Schepers et al., 2004).   
The objective of this study was to determine the influence of soil morphology, 
physical and/or chemical characteristics on long-term corn yield variability previously 
identified using “Anselin Local Moran’s 1 cluster analysis tool” (ESRI, 2012).  
Materials and Methods 
Study Site 
A 158-ha study site comprising of two distinct fields with approximate 
enveloping geographic x and y coordinates (decimal degrees) of (-93.5274, -93.506212) 
and (42.793016, 42.800196), respectively, was selected for this study (Fig. 1).  All soils 
at the study site formed in glacial drift and/or local alluvium.  According to Ruhe (1969) 
and Stewart et al. (1987), the drift sheet deposited by the Late Wisconsinan Des Moines 
Lobe in Iowa contains large areas of ground moraine characterized by small, regularly 
spaced parallel ridges, generally consisting of till, aligned transverse to ice movement.  
Soil map units identified at the site include Clarion (Fine-loamy, mixed, superactive, 
mesic Typic Hapludoll), Nicollet (Fine-loamy, mixed, superactive, mesic Aquic Hapludoll) 
and Webster (Fine-loamy, mixed, superactive, mesic Typic Endoaquoll). This is the 
major soil association of the area.  This major soil association comprises 91% of the 
study site (Soil Survey Staff, 2013).  Slopes ranged from 0 to 10% and all soils developed 
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under prairie vegetation and are currently being used for corn and soybean (Glycine 
max) cropping systems.  
Annual mean air temperature for the study site was 8 °C and annual mean 
precipitation was 86 cm (ISU, 2012).  Table 1 provides a summary of the monthly 
rainfall distribution for the potential growing season (April through October) for the 
study site from 2005 to 2011 (ISU, 2012).  Precipitation amounts ranged from 572 mm 
in 2011 to 803 mm in 2007. 
The study site was also chosen based on consistent yearly mean yields of the 
two fields and equally consistent mean yields of soil map units within fields as 
presented in Tables 2 and 3.  Standard deviations associated with overall mean corn 
yield data for fields and for soil map units are displayed in Fig. 2.  The largest difference 
in mean yields was obtained when comparing the overall mean yield between field 1 
and field 2.    Field 1 yields 1% higher than field 2, but this was not statistically different.    
Site Management 
It was necessary to choose a site where variation in management was 
minimized.  The study site has been managed consistently since 2005 by one manager 
and has been pattern tile drained on 30 m spacing at approximately 1.2 m depth prior 
to 1996.  Yearly management practices including field preparation, fertilizer application 
and planting dates were consistent within the study site.  Planting dates were 
comparable within years for each field within the study site, but vary between years 
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(Table 4).  The largest difference in yearly planting dates occurs in 2007 when field 2 
was planted 4 days later than field 1.   
The study site was managed under a corn and soybean rotation.  In preparation 
for corn, the manager makes one pass across the site with a disk ripper at 
approximately 25 cm in the fall.  In the spring, the manager makes one pass across the 
site with a mulch finisher and then plants with a 12 m planter that was capable of 6 m 
variable rate planting.  Anhydrous ammonia, diammonium phosphate (DAP) and potash 
fertilizers were applied based on recommended crop removal rates.  Weed control was 
based on need and was performed using conventional chemical herbicides, but not 
through cultivation.   
Soil Sampling  
Preliminary analysis identified spatially consistent corn yield variability from 
2005 to 2011 within the study site.  Clusters of yield variability were created by 
grouping yield observations into a set number of temporal yield patterns (Jaynes et al., 
2003).  This was completed by using “Cluster and Outlier Analysis (Anselin Local 
Moran’s 1)” cluster analysis tool (ESRI, 2012).  The yearly spatial distribution of 
variability clusters created three distinct areas within the study site.  These three areas 
were: (1) areas where corn yields were consistent with the mean yield of the study site; 
(2) areas where corn yields were significantly lower (LL) than the mean yield; and (3) 
areas where corn yields were significantly higher (HH) than the mean yield.  Eighty two 
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percent of corn yield variability identified in the study site occurred in the Clarion soil 
map units (Fig. 3).  It was decided to use the Clarion soil map units to explore the 
relationship between crop yield variability and soil properties.   
Due to accuracy constraints of the GPS systems used to locate sampling points, 
a 2 m negative buffer was created around the perimeter of each distinct cluster area.  
Within each of these distinct areas, a randomized sampling pattern was generated 
using the “Create Random Points (Data Management)” tool to identify 10 random 
sampling points within each cluster area (ESRI, 2012) (Fig. 4).   
Low yield clusters were identified in both fields within the study site.  Therefore, 
10 random samples from each of the 2 fields were taken to represent the low yield 
areas.  High yield clusters were identified only in one field within the study site.  
Therefore, 10 random samples were taken from that field.  To characterize the mean 
yield areas, 10 random samples from each of the 2 fields within the study site were also 
taken giving a total of 50 sampling points.   
Sample points were geo-referenced using a GPS device capable of 100 cm 
accuracy.  A truck-mounted hydraulic soil core sampler (Gidding’s Machine Company, 
2012) was used to sample 6 cm diameter soil cores to a depth of approximately 120 cm.    
 
 
45 
 
 
Soil Characterization   
 All soil cores were characterized according to standard soil survey methods 
explained in the Field Book for Describing and Sampling Soils (Schoenberger et al., 
2002).  Horizon depth and type, horizon boundary distinction, depth of plow layer, rock 
fragment content (if greater than 10%), structural grade and type, moist consistence, 
presence of redoximorphic features, presence of clay films and roots were recorded for 
each core.  If an impenetrable layer occurred within the sampling depth, its presence 
was recorded.  A Munsell Soil Color Chart was used to determine the moist soil hue, 
value and chroma (Munsell, 2012).  Presence of carbonates within each horizon of each 
soil core was determined by using 10% hydrochloric acid and estimating amount of 
effervescence.    
 Soil texture (percent clay, silt and sand) was determined using the pipette 
method (National Soil Survey Center, 1996; Soil Survey Staff, 1996).  Soil pH (1:1) was 
measured in water with an Orion pH meter (Thermo Scientific, 2012).  Total carbon (TC) 
and nitrogen (TN) contents were determined by dry combustion using a Leco Truspec 
elemental analyzer (Leco Corp., 2012).  Mehlich 3 extractable phosphorus (M3P) and 
potassium (M3K) levels were determined (Mehlich, 1984).  
Statistical Analysis 
  Each continuous and numerical soil characteristics of each soil horizon for each 
soil core were aggregated by depth from the soil surface.  These characteristics include: 
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M3P, M3K, TC, TN, pH, clay, silt and sand.  Mean values for soil characteristics were 
determined within each soil core at 0 to 25 cm, 26 to 100 cm and greater than 100 cm 
depths.  This created a data set that included one value for each soil characteristic 
within each respective depth for each of the 50 sampling points.  Corn yields from 2005 
to 2011 for each of the 50 sampling points were included in the data set as well as the 
mean and median yields for all years.  
 Pairwise correlations were determined using Pearson product moment 
correlations (SAS Institute Inc., 2012).  An ANOVA was performed using JMP to 
determine significant differences in means of soil properties (SAS Institute Inc., 2012). 
 A stepwise regression for explanatory variables tool in JMP (SAS Institute Inc., 
2012) was then used to create a regression model for corn yields aggregated by year as 
well as the mean and median corn yield for the 50 sampling points using all of the 
numerical soil characteristics listed previously as parameters.  Both forward and 
backward Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) 
were considered when selecting which soil parameter would be included in each 
model.   Forward AIC allowed for more parameters to be retained in the model and was 
therefore used to make final selections.  Soil parameter crosses were also considered 
when creating the model in order to locate any possible interactions.  No significant 
interactions were identified. 
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 Stepwise regression models were run on yield data aggregated by year and for 
the overall mean and median yield data for the study period.  No significant differences 
were obtained between any of the models.  Due to this close comparison, the model 
using the overall mean was used alone for determining results.   
Results and Discussion 
Morphological Features  
Soil characterization showed that 88% of all cores were Clarion taxadjunct 
primarily due to particle size class discontinuity within the particle size control section 
and mollic colors deeper than 50 cm (Soil Survey Staff, 2013).  It was further observed 
that 100% of cores sampled from the high cluster regions were Pachic Clarion.  
However, 90% of cores sampled from the low cluster regions were Typic Clarion.  
Comparing the different soil map units, 90% of cores sampled from the Clarion 138C2 
soil map unit could be classified as taxadjunct while 87% of cores sampled from the 
Clarion 138B soil map unit were taxadjunct. 
Average maximum depths of mollic colors for high, mean and low cluster types 
were 75 cm, 56 cm and 30 cm, respectively (Fig. 5).  Statistical analysis (separation of 
means) showed that maximum depths of mollic colors were significantly different for 
all three cluster regions.  Average minimum depths to calcium carbonate when found 
within 120 cm were 75 cm, 95 cm and 58 cm for high, mean and low cluster types, 
respectively (Fig. 5).  There were no significant differences between high and low 
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clusters for this parameter.  When comparing soil morphological features as a function 
of cluster type, it was observed that high yield clusters were associated with deeper 
maximum depths of mollic colors. 
Physical and Chemical Properties 
Eight quantitative soil characteristics which were measured through laboratory 
analyses were averaged by depth for each of the 50 soil core samples.  The averaging 
depths (0 to 25 cm, 26 to 100 cm and 101 to 120 cm) were chosen based on average 
depths of plow layers, average rooting depths of corn and maximum sampling depth 
(Soil Survey Staff, 2013).   
Clay content ranged from 1.6 to 30.0 g 100g-1 within the study site (Table 5).  
Clay content was lowest in low cluster regions at 0 to 25 cm and 26 to 100 cm.  
Differences in clay content between high clusters and the mean at 0 to 25 cm and 26 to 
100 cm were not statistically significant (Fig. 6).  Clay content was lowest in the low 
cluster regions at 101 to 120 cm.  Silt content ranged from 4.9 to 62.0 g 100g-1 within 
the study site (Table 5).  Silt content was lowest in low cluster regions at 0 to 25 cm and 
highest in high cluster regions at 26 to 100 cm.  Differences in silt content between 
clusters at 101 to 120 cm were not statistically significant (Fig. 6).  Sand content ranged 
from 21.9 to 86.6 g 100g-1 within the study site (Table 5).  Sand content was highest in 
low cluster regions at 0 to 25 cm and 26 to 100 cm.  Differences in sand content 
between clusters at 101 to 120 cm were not statistically significant (Fig. 6).   
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The TC content ranged from 0.2 to 3.4 g 100g-1 within the study site (Table 5).  
TC content was highest in high cluster regions at 0 to 25 cm.  Differences in TC content 
between clusters at 26 to 100 cm and 101 to 120 cm were not statistically significant 
(Fig. 7).  TN content ranged from 0.0 to 0.2 g 100g-1 within the study site (Table 5).  TN 
content was lowest in low cluster regions at 0 to 25 cm and highest in high cluster 
regions at 26 to 100 cm.  Differences in TN content between clusters at 101 to 120 cm 
were not statistically significant (Fig. 8).  M3P content ranged from 1.0 to 128.0 mg kg-1 
and M3K content ranged from 32.5 to 382.0 mg kg-1 within the study site (Table 5). 
M3P and M3K contents were highest in high cluster regions for all depths (Fig. 9 and 
10).   pH ranged from 4.3 to 8.1 within the study site (Table 5). No statistical differences 
in pH were obtained between high and low cluster regions. 
Relationships between Soil Properties  
 There was a strong correlation between clay content and TC, TN and pH at all 
depths (Table 6).  The TC and TN were used as indicators of soil organic matter content.  
In horizons where clay content was high, TC was generally high.  This was consistent 
with Sorensen (1981), who observed a positive correlation between clay content and 
organic matter.   
TC was significantly correlated with TN, M3P and M3K at 0 to 25 cm (Table 6a).  
There was a strong correlation between TN and M3P and M3K at 0 to 25 cm and 26 to 
100 cm (Table 6a and 6b).  There was a strong correlation between M3P and M3K at all 
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depths (Table 6).    The highly significant correlation between TC and TN was due to the 
fact that both are associated with organic matter content.  TC content has a large 
influence on the exchange of essential plant nutrients and extractable bases through 
the carbon cycle process which promotes a large holding capacity for nitrogen, 
phosphorus and potassium (Stevenson, 1999). 
Relationships between Soil Properties and Corn Yield 
 To compare soil characteristics to corn yield, a stepwise regression for 
explanatory variables tool was used (SAS Institute Inc., 2012).  This tool was used 
primarily to summarize the associations of multiple soil characteristics with mean corn 
yield as a function of depth and cluster type.  After completing the stepwise regression, 
the soil parameters that were significant in the model were compared to corn yield by 
using a Fit y by x tool to summarize their relationships (SAS Institute Inc., 2012). 
 At the 0 to 25 cm depth, TN, M3P, M3K and clay accounted for 60% of the 
variability in corn yields throughout the yield variability clusters as shown in the radial 
plot in Fig. 12.  This contribution of variability was skewed towards clay content which 
accounted for 40% of the total variability observed.  These four soil characteristics were 
all positively correlated with yield (r= 0.73, 0.47, 0.41, 0.72, respectively) (Fig. 13).    
This reflects the interaction between clay and essential plant nutrients as well as its 
influence on water holding capacity.  This finding was consistent with previous research 
that documented that clay content influenced crop yield.  Clay content may influence 
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available water holding capacity, nutrient holding capacity, bulk density and aggregate 
stability, all of which are factors that can affect crop yields (Bruce et al., 1988; Kosmas 
et al., 2001; Sparovek and Schnug, 2001; Johnson et al., 2002; Cox et al., 2003; 
Kravchenko et al., 2003; Papiernik et al., 2005). 
 At the 26 to 100 cm depth, TC and TN accounted for 55% of the variability in 
corn yields in all yield variability clusters (Fig. 12).  At this depth, TN accounted for 82% 
of the total identified variability.  TN was positively correlated with yield (r= 0.67) (Fig. 
14).   
 At the 101 to 120 cm depth, pH and M3P accounted for 33% of the variability in 
corn yields in all cluster types (Fig. 12).  pH was negatively correlated with yield and 
M3P was positively correlated with yield (Table 6c).  When exploring the correlations 
between pH and M3P and mean corn yield, no significant correlations were observed 
(r= -0.44 and 0.46, respectively) (Fig. 15).  At this sampling depth, several soil 
characteristics could be influenced by the presence of calcareous soil.  As calcium 
carbonate levels increased, pH also increased.  When calcium carbonate levels 
increased, M3P was less available which can influence corn yield (Cole et al., 1953).  
The correlation between pH and yield can be explained by the morphological 
characteristics of the soils at the study site.  Soils in low cluster regions were generally 
shallow to carbonates (higher pH) and had coarser textures at the surface (0 to 25 cm).  
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This would result in low water holding capacity and low nutrient holding capabilities of 
the soil, resulting in lower crop yields.     
Conclusion 
Identifying relationships between soil characteristics and corn yield variability is 
essential to modern precision agriculture in Iowa.  The objective of this study was to 
determine the influence of soil morphology, physical and/or chemical characteristics on 
long-term corn yield variability.  This study used yield variability maps generated using 
“Anselin Local Moran’s 1 cluster analysis tool” (ESRI, 2012) as a basis to address the 
objective.  In general, high yielding areas were deeper to maximum depth of mollic 
colors, higher in TC and TN content at 0 to 25 cm, higher in M3P and M3K content at all 
depths, lower in sand content at 0 to 25 cm and 26 to 100 cm and higher in clay 
content at 0 to 25 cm and 26 to 100 cm compared to low yielding areas.  At the 0 to 25 
cm depth, 60% of identified corn yield variability was associated with TN, M3P, M3K 
and clay content.  However, 55% of identified corn yield variability was associated with 
TN and TC content at the 26 to 100 cm depth.  At the 101 to 120 cm depth, 33% of 
identified corn yield variability was associated with pH and M3P content.  
Understanding these relationships provides a foundation for improved management for 
increased gross productivity of Iowa farms and increased economic and environmental 
sustainability.  
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A follow up study is necessary to observe if the same relationships between 
corn yield variability and soil characteristics observed at this study site can be identified 
in a different geomorphic region where management strategies are not as uniform as 
this study site on the Des Moines Lobe of Iowa.  It may also be necessary to look at 
other soil characteristics that will potentially account for higher percentages of 
identified yield variability. 
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Table 1. Summary of monthly and overall rainfall (mm) for final study site. 
Year Apr May Jun Jul Aug Sep Oct Total 
2005 135 102 185 84 84 109 3 701 
2007 71 104 76 84 290 58 119 803 
2009 48 117 130 18 56 74 142 584 
2011 89 91 137 97 99 33 25 572 
 
 
Table 2. Summary statistics of corn yields (kg ha-1) for study site fields 1 and 2. 
Year Minimum Maximum Mean Std. Deviation 
Field 1 
2005 66 23881 12603 1815 
2007 71 23369 11712 1349 
2009 66 24312 12140 1502 
2011 339 24479 12063 1197 
Average 66 24479 12123 1510 
Field 2 
2005 66 24582 12670 1643 
2007 70 24921 11664 1253 
2009 81 23988 11304 1378 
2011 268 24195 12518 1018 
Average 66 24921 12090 1425 
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Table 3. Summary statistics of corn yields (kg ha-1) for soil map units in fields 1 and 2. 
Soil Series Year Minimum Maximum Mean Std. 
Deviation Field 1 
Clarion 2005 63 23727 12805 1444 
Clarion 2007 942 21091 11738 1255 
Clarion 2009 63 20777 12052 1443 
Clarion 2011 1569 19773 12115 1067 
Average 
Clarion 
 63 23727 12177 1381 
Nicollet 2005 63 23037 12805 1758 
Nicollet 2007 63 23350 11738 1506 
Nicollet 2009 188 24041 12177 1678 
Nicollet 2011 2009 24355 12177 1255 
Average 
Nicollet 
 63 24355 12240 1632 
Webster 2005 690 23853 12805 1506 
Webster 2007 251 19898 11801 1318 
Webster 2009 338 22580 12441 1406 
Webster 2011 4771 24480 12177 1381 
Average 
Webster 
 251 24480 12303 1444 
Field 2 
Clarion 2005 63 24606 12805 1381 
Clarion 2007 63 24920 11612 1130 
Clarion 2009 188 23978 11236 1089 
Clarion 2011 251 23915 12491 942 
Average 
Clarion 
 63 24920 12052 1318 
Nicollet 2005 63 24480 12868 1318 
Nicollet 2007 314 24543 11612 1067 
Nicollet 2009 126 16822 11299 996 
Nicollet 2011 502 24166 12554 942 
Average 
Nicollet 
 63 24543 12115 1255 
Webster 2005 63 23790 12491 1946 
Webster 2007 251 24857 11550 1444 
Webster 2009 81 23867 11067 1499 
Webster 2011 3452 23790 12554 1188 
Average 
Webster 
 63 24857 11926 1632 
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Table 4. Summary of yearly planting dates for fields 1 and 2. 
Field 2005 2007 2009 2011 
1 30-Apr 10-May 22-Apr 3-May 
2 29-Apr 14-May 23-Apr 4-May 
 
 
Table 5. Summary statistics of soil characteristics for study site. 
Variable minimum maximum mean std. deviation 
Clay g 100g-1 1.6 30.0 47.1 7.2 
Silt g 100g-1 4.9 62.0 17.8 9.5 
Sand g 100g-1 21.9 86.6 35.1 12.0 
TC g 100g-1 0.2 3.4 13.4 0.7 
TN g 100g-1 0.0 0.2 106.2 0.1 
M3p mg kg-1 1.0 128.0 6.7 19.6 
M3K mg kg-1 32.5 382.0 1.6 58.7 
pH 4.3 8.1 0.1 0.9 
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Table 6. Correlations of soil characteristics for (a), 0-25 cm (b), 26-100 cm and (c), 101-
120 cm. (p<0.001***, p<0.01**, p<0.05*) 
(a) 0-25cm 
Variable TC TN M3P M3K pH sand  clay 
TN 0.91***       
M3P 0.53*** 0.44**      
M3K 0.47*** 0.43** 0.90***     
pH -0.26 -0.45** 0.28* 0.09    
Sand -
0.85*** 
-
0.86*** 
-
0.57*** 
-
0.57*** 
0.35*   
Clay 71 1 35  40  -
0.54*** 
-
0.84*** 
 
Silt 0.80*** 0.77*** 0.62*** 0.58*** -0.20 -
0.95*** 
0.64*** 
 
(b) 26-100cm 
Variable TC TN M3P M3K pH sand  clay 
TN 0.18       
M3P 0.05 0.51***      
M3K 0.05 0.63*** 0.50***     
pH 0.53*** -0.40** -0.06 -0.12    
Sand 0.03 -
0.78*** 
-0.31* -
0.49*** 
0.51***   
Clay -
0.46*** 
5 0.29* 8 -
0.77*** 
-
0.77*** 
 
Silt 32  0.69*** 0.23 0.34* -0.14 -
0.86*** 
0.34* 
        
(c) 101-120cm 
Variable TC TN M3P M3K pH sand  clay 
TN -0.49**       
M3P -0.36* 0.14      
M3K -0.25 0.27 0.73***     
pH 0.76*** -0.50** -0.16 -0.09    
sand -0.21 -0.37* -0.28* -0.28* -0.05   
clay -
0.74*** 
0.57*** 0.38* 0.30* -
0.71*** 
-0.23  
silt 63 0.02 0.05 0.10 45  -
0.83*** 
-0.36* 
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Figure 5. Maximum depth of mollic colors and minimum depth of calcium carbonate by 
cluster type.  Bars with the same letter are not significantly different at p<0.05. 
 
  
Figure 6. Variation of clay, silt and sand as a function of depth and cluster type.  Bars 
with the same letter are not significantly different at p<0.05. 
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Figure 7. Variation of TC as a function of depth and cluster type.  Bars with the same 
letter are not significantly different at p<0.05. 
 
 
 
 
 
 
 
 
 
 
Figure 8. Variation of TN as a function of depth and cluster type.  Bars with the same 
letter are not significantly different at p<0.05. 
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Figure 9. Variation of M3P as a function of depth and cluster type.  Bars with the same 
letter are not significantly different at p<0.05. 
 
 
 
 
 
 
 
 
 
 
Figure 10. Variation of M3K as a function of depth and cluster type.  Bars with the same 
letter are not significantly different at p<0.05.
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Figure 11. Variation of pH as a function of depth and cluster type.  Bars with the same 
letter are not significantly different at p<0.05. 
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Figure 13.  Relationships between (a) TN, (b) M3P, (c) M3K and (d) clay and 
mean corn yield at 0 and 25 cm. 
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Figure 14.  Relationships between (a) TC and (b) TN and mean corn yield at                        
26 and 100 cm. 
 
Figure 15.  Relationships between (a) pH and (b) M3P and mean corn yield at                  
101 and 120 cm. 
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CHAPTER 4. GENERAL CONCLUSION 
 
Summary 
Precision agriculture is defined by Robert et al. (1995), Pierce and Nowak (1999) 
and Miao et al. (2006) as an integrated information and technology-based agricultural 
management system, aimed to manage spatial and temporal variability associated with 
all aspects of agricultural production for optimum profitability, sustainability and 
protection of the environment.  The essential feature of precision agriculture as 
discussed by Blackmore (2002) is to identify and manage crop yield variability and the 
drivers behind it to improve existing systems economic resources and minimize the 
negative impact of agriculture on the environment.  This study sought to develop a 
protocol that would utilize the wealth of precision yield data that has been collected 
over the past several decades in order to economically and environmentally advance 
agriculture in Iowa.  Two main objectives were developed to create a foundation for 
this study.   
The first objective was to determine if “Anselin Local Moran’s 1 cluster analysis 
tool” (ESRI, 2012) could be an accurate and precise method for mapping and 
quantifying long-term corn yield variability on the Des Moines Lobe of north central 
Iowa.  A 158-ha study site containing multiple years of geo-referenced corn yield data 
were intensively analyzed.  Successful identification of spatially consistent corn yield 
variability was identified.  This study illustrated the ability to locate localized yearly corn 
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yield variability.  However, the cluster areas identified comprise a small portion of the 
overall study site area which demonstrates that managers must seriously consider the 
amount of time and money they are willing to invest in order to locate variability.   
A follow up study is necessary to test whether the same procedure used to 
detect variability at the study site will be effective at locating variability at a location 
where management strategies vary and at a location where soil and landscapes are 
different. It will also be necessary to sample cluster sites where variability occurred 
only 50% or 75% of the time rather than during all four years of the study.  This will 
broaden the cluster identification area and will potentially have a greater impact on 
environmental and economic management strategies. 
The second objective was to determine whether soil chemical and/or physical 
characteristics are associated with significant long-term yield variability found by using 
“Anselin Local Moran’s 1 cluster analysis tool” (ESRI, 2012).  Understanding these 
relationships provided a foundation for increasing gross productivity of Iowa farms and 
increasing economic and environmental sustainability.  This study successfully 
attributed specific quantitative soil characteristics to corn yield variability.  A 158-ha 
study site containing pre-identified yield variability data were intensively analyzed.  By 
utilizing geographic information systems, identified clusters of yield variability were 
used as a threshold for locating high and low corn yields and soil sampling locations.   
Therefore, relationships between grain yield and quantitative soil characteristics were 
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identified.  This study illustrated the ability to account for yield variability within fields 
on the Des Moines Lobe of Iowa.   
A follow up study is necessary to test whether the same procedure used to 
determine the relationships between corn yield variability and soil characteristics at 
this study site will be effective at a location where management strategies vary and at a 
location where soil and landscapes are different.  It is also necessary to look at other 
soil characteristics in order to potentially account for a higher percentage of the 
identified yield variability.  The ability to account for large percentages of yield 
variability across landscapes and management practices will allow managers to improve 
management strategies in regards to economics and environmental sustainability by 
utilizing new zonal based management fundamentals that heavily utilize soil 
characteristic data. 
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APPENDIX A. CORE DESCRIPTIONS 
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Soil Series: Clarion, taxadjunct  
Core Number: VL1 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524969, Y = 42.798475 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 381.5 (meters) 
Classification: Coarse-loamy, mixed, superactive, mesic, Typic Hapludoll  
Slope Characteristics: 7.5 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; very dark brown (10YR 2/2) sandy loam; moderate subangular blocky 
structure; friable; many very fine and fine roots; moderately acid; abrupt smooth boundary. 
 
 AB --18 to 29 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular 
blocky structure; friable; common very fine and fine roots; slightly acid; clear smooth boundary. 
 
Bw1 --29 to 47 cm; brown (10YR 4/3) sandy loam; weak subangular blocky structure; 
friable; common very fine roots; slightly acid; clear smooth boundary. 
 
Bw2 --47 to 67 cm; olive brown (2.5Y 4/4) sandy loam; weak subangular blocky 
structure; friable; common very fine roots; neutral; clear smooth boundary. 
 
BC --67 to 88 cm; olive brown (2.5Y 4/4) sandy loam; weak subangular blocky structure; 
extremely friable; few very fine roots; neutral; clear smooth boundary. 
 
CB --88 to 99 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular blocky 
structure; friable; few very fine roots; neutral; abrupt smooth boundary. 
 
C --99 to 113 cm; light olive brown (2.5Y 5/4) loamy sand; single grain; loose; slightly 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL2 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524945, Y = 42.79844 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 381.7 (meters) 
Classification: Coarse-loamy, mixed, superactive, mesic, Typic Eutrudept 
Slope Characteristics: 8.0 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 11 cm; very dark brown (10YR 2/2) sandy loam; weak subangular blocky 
structure; friable; many very fine and fine roots; slightly alkaline; few faint distinct yellowish 
brown (10YR 5/6) Fe concentrations; clear smooth boundary. 
 
 BA --11 to 22 cm; dark yellowish brown (10YR 3/4) sandy loam; moderate subangular 
blocky structure; friable; common very fine roots; slightly alkaline; few distinct yellowish brown 
(10YR 5/6) Fe concentrations; clear smooth boundary. 
 
Bw1 --22 to 42 cm; dark yellowish brown (10YR 4/4) sandy loam; moderate subangular 
blocky structure; friable; common very fine roots; slightly alkaline; common distinct yellowish 
brown (10YR 5/6) Fe concentrations; gradual smooth boundary. 
 
Bw2 --42 to 57 cm; dark yellowish brown (10YR 4/4) sandy loam; moderate subangular 
blocky structure; friable; common very fine roots; slightly alkaline; common distinct yellowish 
brown (10YR 5/6) Fe concentrations; gradual smooth boundary. 
 
Bw3 --57 to 69 cm; yellowish brown (10YR 5/4) sandy loam; moderate subangular 
blocky structure; friable; common very fine roots; neutral; many distinct yellowish brown (10YR 
5/6) Fe concentrations; clear smooth boundary. 
 
BC --69 to 81 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; few very fine roots; slightly alkaline; common distinct yellowish brown (10YR 
5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; slightly 
effervescent; clear smooth boundary. 
 
C --81 to 107 cm; yellowish brown (10YR 5/4) sandy loam; massive; firm; moderately 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL3 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.52485, Y = 42.798969 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 381.3 (meters) 
Classification: Coarse-loamy, mixed, superactive, mesic, Typic Eutrudept 
Slope Characteristics: 6.9 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; very dark brown (10YR 2/2) sandy loam; moderate subangular blocky 
structure; friable; many very fine and fine roots; neutral; few faint distinct yellowish brown 
(10YR 5/6) Fe concentrations; abrupt smooth boundary. 
 
 Bw1 --18 to 30 cm; dark yellowish brown (10YR 4/4) sandy loam; moderate subangular 
blocky structure; friable; common very fine roots; neutral; few distinct yellowish brown (10YR 
5/6) Fe concentrations; clear smooth boundary. 
 
Bw2 --30 to 44 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular 
blocky structure; friable; common very fine roots; neutral; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; clear smooth boundary. 
 
C1 --44 to 65 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; common 
very fine roots; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; strongly effervescent; clear smooth boundary. 
 
C2 --65 to 83 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; common 
very fine roots; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL4 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524699, Y = 42.797971 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 382.2 (meters) 
Classification: Coarse-loamy, mixed, superactive, mesic, Typic Eutrudept 
 
Slope Characteristics: 6.6 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap1 --0 to 10 cm; very dark brown (10YR 2/2) sandy loam; weak granular structure; 
friable; many very fine and fine roots; slightly alkaline; clear smooth boundary. 
 
 Ap2 --10 to 18 cm; very dark brown (10YR 2/2) sandy loam; weak subangular blocky 
structure; friable; common very fine roots; slightly alkaline; slightly effervescent; abrupt 
smooth boundary. 
 
Bw --18 to 31 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; common very fine roots; moderately alkaline; common distinct yellowish 
brown (10YR 5/6) Fe concentrations; strongly effervescent; clear smooth boundary. 
 
CB --31 to 41 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; very friable; few very fine roots; moderately alkaline; common distinct yellowish 
brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; 
strongly effervescent; abrupt smooth boundary. 
 
C1 --41 to 63 cm; yellowish brown (10YR 5/4) sandy loam; single grain; loose; 
moderately alkaline; many distinct yellowish brown (10YR 5/6) Fe concentrations; strongly 
effervescent; gradual smooth boundary. 
 
C2 --63 to 80 cm; yellowish brown (10YR 5/4) loamy sand; single grain; loose; 
moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; strongly 
effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL5 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.525014, Y = 42.798921 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 380.6 (meters) 
Classification: Coarse-loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 8.0 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 12 cm; very dark brown (10YR 2/2) loam; moderate subangular blocky 
structure; friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
 
 AB --12 to 27 cm; dark olive brown (2.5Y 3/3) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; neutral; clear smooth boundary. 
 
BA --27 to 42 cm; olive brown (2.5Y 4/3) sandy loam; moderate subangular blocky 
structure; friable; common very fine roots; slightly alkaline; abrupt smooth boundary. 
 
Bw1 --42 to 55 cm; light olive brown (2.5Y 5/4) sandy loam; weak subangular blocky 
structure; friable; few very fine roots; moderately alkaline; few distinct yellowish brown (10YR 
5/6) Fe concentrations; slightly effervescent; clear smooth boundary. 
 
Bw2 --55 to 70 cm; light olive brown (2.5Y 5/4) sandy loam; weak subangular blocky 
structure; friable; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; strongly effervescent; clear smooth boundary. 
 
Bw3 --70to 84 cm; light olive brown (2.5Y 5/4) sandy loam; moderate subangular blocky 
structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; 
strongly effervescent; abrupt smooth boundary. 
 
BC --84 to 108 cm; light olive brown (2.5Y 5/4) sandy loam; weak subangular blocky 
structure; extremely friable; slightly alkaline; many distinct yellowish brown (10YR 5/6) Fe 
concentrations; slightly effervescent; clear wavy boundary. 
 
CB --108 to 118 cm; light olive brown (2.5Y 5/4) sandy loam; massive; friable; neutral; 
common distinct yellowish brown (10YR 5/6) Fe concentrations; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL6 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.525078, Y = 42.798514 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 380.8 (meters) 
Classification: Coarse-loamy, mixed, superactive, mesic, Typic Eutrudept 
Slope Characteristics: 7.2 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 17 cm; very dark grayish brown (10YR 3/2) sandy loam; moderate subangular 
blocky structure; friable; many very fine and fine roots; slightly alkaline; abrupt smooth 
boundary. 
 
 Bw --17 to 28 cm; dark yellowish brown (10YR 4/4) sandy loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; slightly alkaline; abrupt smooth 
boundary. 
 
CB --28 to 41 cm; light olive brown (2.5Y 5/4) sandy loam; weak subangular blocky 
structure; friable; common very fine roots; slightly alkaline; common distinct yellowish brown 
(10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly 
effervescent; gradual smooth boundary. 
 
C1 --41 to 55 cm; light olive brown (2.5Y 5/4) loam; massive; friable; few very fine 
roots; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and 
distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; gradual smooth 
boundary. 
 
C2 --55 to 67 cm; light olive brown (2.5Y 5/4) sandy loam; massive; friable; moderately 
alkaline; many distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; gradual smooth boundary. 
 
C3 –67 to 84 cm; light olive brown (2.5Y 5/4) sandy loam; massive; friable; moderately 
alkaline; many distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL7 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.525016, Y = 42.798518 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 381.2 (meters) 
Classification: sandy, mixed, active, mesic, Typic Eutrudept 
Slope Characteristics: 9.4 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 11 cm; very dark grayish brown (10YR 3/2) sandy loam; moderate subangular 
blocky structure; friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
 
 Bw --11 to 27 cm; olive brown (2.5Y 4/4) sandy loam; weak subangular blocky 
structure; friable; many fine and very fine roots; neutral; gradual smooth boundary. 
 
CB --27 to 40 cm; light olive brown (2.5Y 5/4) sandy loam; weak subangular blocky 
structure; extremely friable; common very fine roots; neutral; common distinct yellowish 
brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; 
strongly effervescent; gradual smooth boundary. 
 
C1 --40 to 57 cm; light olive brown (2.5Y 5/4) sandy loam; massive; extremely friable; 
few very fine roots; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; 
gradual smooth boundary. 
 
C2 --57 to 70 cm; light olive brown (2.5Y 5/4) loamy sand; single grain; loose; slightly 
alkaline; many distinct yellowish brown (10YR 5/6) Fe concentrations; strongly effervescent; 
clear smooth boundary. 
 
C3 –70 to 84 cm; light olive brown (2.5Y 5/4) sandy; single grain; loose; slightly alkaline; 
many distinct yellowish brown (10YR 5/6) Fe concentrations; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL8 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524474, Y = 42.798443 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 382.0 (meters) 
Classification: coarse loamy, mixed, superactive, mesic, Typic Eutrudept 
Slope Characteristics: 5.7 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 11 cm; brown (10YR 4/3) sandy loam; moderate subangular blocky structure; 
friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
 
 Bw1 --11 to 20 cm; olive brown (2.5Y 4/4) sandy loam; weak subangular blocky 
structure; friable; many fine and very fine roots; neutral; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; slightly effervescent; clear smooth boundary. 
 
Bw2 --20 to 40 cm; light olive brown (2.5Y 5/4) sandy loam; weak subangular blocky 
structure; friable; common very fine roots; neutral; common distinct yellowish brown (10YR 
5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly 
effervescent; gradual smooth boundary. 
 
C--40 to 52 cm; light olive brown (2.5Y 5/4) sandy loam; massive; friable; few very fine 
roots; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL9 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.525064, Y = 42.79845 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 381.0 (meters) 
Classification: coarse loamy, mixed, superactive, mesic, Typic Eutrudept 
Slope Characteristics: 6.5 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 14 cm; very dark grayish brown (10YR 3/2) sandy loam; weak granular 
structure; friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
 
 AB --14 to 25 cm; brown (10YR 4/3) sandy loam; weak subangular blocky structure; 
friable; many fine and very fine roots; neutral; clear smooth boundary. 
 
Bw --25 to 37 cm; olive brown (2.5Y 4/4) sandy loam; weak subangular blocky 
structure; very friable; common very fine roots; neutral; slightly effervescent; clear smooth 
boundary. 
 
C1--37 to 52 cm; light olive brown (2.5Y 5/4) loamy sand; single grain; loose; few very 
fine roots; slightly alkaline; strongly effervescent; clear smooth boundary. 
 
C2--52 to 68 cm; light olive brown (2.5Y 5/4) sandy loam; massive; extremely friable; 
few very fine roots; slightly alkaline; strongly effervescent; clear wavy boundary. 
 
C3--68 to 88 cm; light olive brown (2.5Y 5/4) sandy loam; single grain; loose; few very 
fine roots; slightly alkaline; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VL10 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524569, Y = 42.798312 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 382.5 (meters) 
Classification: coarse loamy, mixed, active, mesic, Haplic Udarent  
Slope Characteristics: 4.3 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 11 cm; very dark brown (10YR 2/2) sandy loam; weak subangular blocky 
structure; friable; many very fine and fine roots; neutral; slightly effervescent; abrupt smooth 
boundary. 
 
C1--11 to 26 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; many very 
fine and fine roots; neutral; few distinct yellowish brown (10YR 5/6) Fe concentrations; strongly 
effervescent; gradual smooth boundary. 
 
C2--26 to 50 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; common 
very fine roots; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; 
strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VM1 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524633, Y = 42.798611 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 381.8 (meters) 
Classification: fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 1.8 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; strongly acid; clear smooth boundary. 
 
 A1 --18 to 37 cm; black (10YR 2/1) loam; moderate granular structure; friable; many 
fine and very fine roots; strongly acid; gradual smooth boundary. 
 
A2 --37 to 51 cm; black (10YR 2/1) loam; moderate granular structure; friable; many 
fine and very fine roots; strongly acid; gradual smooth boundary. 
 
AB--51 to 62 cm; very dark brown (10YR 2/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; strongly acid; few faint clay films on faces of 
peds; clear smooth boundary. 
 
Bt1--62 to 73 cm; dark brown (10YR 3/3) loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; strongly acid; common distinct clay films on faces of 
peds; clear smooth boundary. 
 
Bt2--73 to 87 cm; brown (10YR 4/3) sandy clay loam; moderate subangular blocky 
structure; friable; common very fine roots; strongly acid; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; common distinct clay films on faces of peds; gradual smooth 
boundary. 
 
BC--87 to 104 cm; brown (10YR 4/3) sandy clay loam; weak subangular blocky 
structure; firm; common very fine roots; strongly acid; common distinct yellowish brown (10YR 
5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; gradual wavy 
boundary. 
 
CB--104 to 114 cm; brown (10YR 4/3) sandy loam; weak subangular blocky structure; 
firm; few very fine roots; moderately acid; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions. 
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Soil Series: Clarion, taxadjunct 
Core Number: VM2 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524269, Y = 42.798042 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 380.9 (meters) 
Classification: fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 3.1 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 22 cm; black (10YR 2/1) loam; weak subangular blocky structure; friable; many 
very fine and fine roots; strongly acid; clear smooth boundary. 
 
 A --22 to 41 cm; black (10YR 2/1) loam; weak granular structure; friable; many fine and 
very fine roots; strongly acid; gradual smooth boundary. 
 
AB --41 to 53 cm; very dark brown (10YR 2/2) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
BA--53 to 64 cm; dark brown (10YR 3/3) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; strongly acid; few faint clay films on faces of peds; 
gradual smooth boundary. 
 
Bt1--64 to 80 cm; dark yellowish brown (10YR 3/4) sandy clay loam; moderate 
subangular blocky structure; friable; many fine and very fine roots; strongly acid; common 
distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt2--80 to 104 cm; brown (10YR 4/3) sandy clay loam; weak subangular blocky 
structure; firm; common very fine roots; strongly acid; common distinct yellowish brown (10YR 
5/6) Fe concentrations; common distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt3--104 to 115 cm; brown (10YR 4/3) sandy clay loam; weak subangular blocky 
structure; firm; common very fine roots; strongly acid; common distinct yellowish brown (10YR 
5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; common 
distinct clay films on faces of peds. 
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Soil Series: Clarion, taxadjunct 
Core Number: VM3 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524253, Y = 42.797577 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 380.3 (meters) 
Classification: fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 5.0 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap1 --0 to 10 cm; very dark brown (10YR 2/2) sandy loam; weak subangular blocky 
structure; friable; many very fine and fine roots; slightly acid; clear smooth boundary. 
 
 Ap2 –10 to 24 cm; very dark brown (10YR 2/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; strongly acid; clear smooth boundary. 
 
A --24 to 41 cm; very dark brown (10YR 2/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
AB--41 to 53 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
BA--53 to 66 cm; dark brown (10YR 3/3) loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
Bw1--66 to 80 cm; dark yellowish brown (10YR 3/4) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid;  gradual smooth boundary. 
 
Bw2--80 to 94 cm; brown (10YR 4/3) sandy clay loam; moderate subangular blocky 
structure; friable; common very fine roots; moderately acid; few distinct yellowish brown (10YR 
5/6) Fe concentrations; gradual smooth boundary. 
 
Bw3--94 to 107 cm; dark yellowish brown (10YR 4/4) sandy clay loam; weak subangular 
blocky structure; friable; common very fine roots; moderately acid; common distinct yellowish 
brown (10YR 5/6) Fe concentrations; gradual smooth boundary. 
 
Bw4--107 to 118 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular 
blocky structure; friable; common very fine roots; moderately acid; common distinct yellowish 
brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions. 
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Soil Series: Clarion, taxadjunct 
Core Number: VM4 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.525695, Y = 42.799802 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 378.3 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Typic Eutrudept 
Slope Characteristics: 4.2 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 15 cm; very dark brown (10YR 2/2) sandy loam; moderate subangular blocky 
structure; friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
 
 Bw1 --15 to 34 cm; light olive brown (2.5Y 5/4) sandy loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; neutral; clear smooth boundary. 
 
Bw2 --34 to 47 cm; light olive brown (2.5Y 5/4) sandy loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; slightly alkaline; gradual smooth 
boundary. 
 
Bw3--47 to 62 cm; light olive brown (2.5Y 5/4) sandy loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly alkaline; gradual smooth boundary. 
 
Bw4--62 to 84 cm; light olive brown (2.5Y 5/4) loam/sandy loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; slightly alkaline; few distinct distinct 
yellowish brown (10YR 5/6) Fe concentrations; gradual smooth boundary. 
 
Bw5--84 to 111 cm; light olive brown (2.5Y 5/4) sandy loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; slightly alkaline; common distinct 
yellowish brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe 
depletions;  gradual smooth boundary. 
 
Bw6--111 to 122 cm; light olive brown (2.5Y 5/4) loam; moderate subangular blocky 
structure; friable; common very fine roots; slightly alkaline; common distinct yellowish brown 
(10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions. 
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Soil Series: Clarion, taxadjunct 
Core Number: VM5 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524099, Y = 42.798302 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 380.3 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 4.4 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap1 --0 to 12 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; strongly acid; clear smooth boundary. 
 
 Ap2 --12 to 22 cm; black (10YR 2/1) loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; strongly acid; abrupt smooth boundary. 
 
A --22 to 35 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; strongly acid; clear smooth boundary. 
 
AB--35 to 47 cm; light olive brown (10YR 3/2) sandy clay loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; strongly acid; clear smooth boundary. 
 
BA--47 to 57 cm; light olive brown (10YR 3/3) sandy clay loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; strongly acid; clear smooth boundary. 
 
Bw1--57 to 75 cm; brown (2.5Y 4/3) loam/sandy clay loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; moderately acid; common distinct 
yellowish brown (10YR 5/6) Fe concentrations; gradual smooth boundary. 
 
Bw2--75 to 95 cm; brown (2.5Y 4/3) loam; moderate subangular blocky structure; 
friable; common very fine roots; slightly acid; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; clear smooth 
boundary. 
 
BC--95 to 116 cm; brown (2.5Y 4/3) sandy loam; weak subangular blocky structure; 
friable; common very fine roots; neutral; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions. 
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Soil Series: Clarion, taxadjunct 
Core Number: VM6 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.525892, Y = 42.799921 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.6 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 5.4 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 19 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; strongly acid; clear smooth boundary. 
 
 A1 --19 to 33 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A2 --33 to 53 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
A3--53 to 71 cm; very dark brown (10YR 2/2) clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
AB--71 to 81 cm; very dark brown (10YR 2/2) clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; strongly acid; few distinct clay films on faces of 
peds; gradual smooth boundary. 
 
Bt1--81 to 100 cm; dark grayish brown (10Yr 4/2) clay loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; strongly acid; common distinct clay 
films on faces of peds; gradual smooth boundary. 
 
Bt2--100 to 115 cm; brown (10YR 4/3) loam; weak subangular blocky structure; friable; 
common very fine roots; moderately acid; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; common distinct clay 
films on faces of peds. 
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Soil Series: Clarion 
Core Number: VM7 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524785, Y = 42.798297 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 382.3 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 4.8 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 17 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; very strongly acid; abrupt smooth boundary. 
 
 AB --17 to 34 cm; very dark brown (10YR 2/2) clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
BA --34 to 50 cm; dark brown (10YR 3/3) clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
Bt1--50 to 67 cm; brown (10YR 4/3) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; moderately acid; few distinct clay films on faces of peds; 
gradual smooth boundary. 
 
Bt2--67 to 97 cm; brown (10YR 4/3) sandy clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; few distinct yellowish brown 
(10YR 5/6) Fe concentrations; few distinct clay films on faces of peds; clear smooth boundary. 
 
Bt3--97 to 110 cm; dark yellowish brown (10Yr 4/4) sandy clay loam; weak subangular 
blocky structure; friable; common fine and very fine roots; neutral; common distinct yellowish 
brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; 
common distinct clay films on faces of peds; gradual smooth boundary. 
 
BC--110 to 127 cm; dark yellowish brown (10YR 4/4) loam; weak subangular blocky 
structure; friable; common very fine roots; neutral; common distinct yellowish brown (10YR 
5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; slightly 
effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: VM8 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524848, Y = 42.798546 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 381.9 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 6.2 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; very dark brown (10YR 2/2) sandy clay loam; moderate subangular 
blocky structure; friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
 
 AB --18 to 30 cm; dark brown (10YR 3/3) sandy clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; clear smooth boundary. 
 
Bw1 --30 to 46 cm; dark yellowish brown (10YR 3/4) sandy clay loam; moderate 
subangular blocky structure; friable; many fine and very fine roots; moderately acid; gradual 
smooth boundary. 
 
Bw2--46 to 57 cm; dark yellowish brown (10YR 4/4) sandy loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; moderately acid; clear smooth 
boundary. 
 
Bw3--57 to 70 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular 
blocky structure; friable; many fine and very fine roots; slightly acid; clear smooth boundary. 
 
Bw4--70 to 92 cm; dark yellowish brown (10Yr 4/4) sandy loam; weak subangular 
blocky structure; very friable; many fine and very fine roots; slightly acid; clear smooth 
boundary. 
 
Bw5--92 to 109 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; many very fine roots; slightly acid; clear smooth boundary. 
 
BC--109 to 118 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; very friable; common very fine roots; slightly acid; common distinct yellowish brown 
(10YR 5/6) Fe concentrations. 
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Soil Series: Clarion, taxadjunct 
Core Number: VM9 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524653, Y = 42.798508 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 382.2 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Typic Eutrudept 
Slope Characteristics: 4.5 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 17 cm; black (10YR 2/1) sandy loam; moderate subangular blocky structure; 
friable; many very fine and fine roots; slightly acid; abrupt smooth boundary. 
 
 Bw1 --17 to 33 cm; olive brown (2.5Y 4/3) sandy loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; clear smooth boundary. 
 
Bw2 --33 to 54 cm; olive brown (2.5Y 4/4) sandy loam; weak subangular blocky 
structure; very friable; many fine and very fine roots; neutral; few distinct yellowish brown 
(10YR 5/6) Fe concentrations; abrupt smooth boundary. 
 
CB--54 to 74 cm; light olive brown (2.5Y 5/4) sandy loam; weak subangular blocky 
structure; friable; many fine and very fine roots; slightly alkaline; common distinct yellowish 
brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; 
strongly effervescent; clear smooth boundary. 
 
C--74 to 108 cm; light olive brown (2.5Y 5/4) loamy sand; single grain; loose; many fine 
and very fine roots; slightly alkaline; slightly effervescent. 
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Soil Series: Clarion 
Core Number: VM10 
Map Unit Symbol: 138C2 
Location: Don Latham’s Vestweber Farm near Alexander, IA  
Coordinates: x = -93.524488, Y = 42.798704 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 381.3 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 3.3 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 22 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; strongly acid; abrupt smooth boundary. 
 
 A --22 to 33 cm; very dark grayish brown (10YR 3/2) sandy clay loam; moderate 
subangular blocky structure; friable; many fine and very fine roots; moderately acid; clear 
smooth boundary. 
 
AB --33 to 41 cm; dark brown (10YR 3/3) sandy clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; clear smooth boundary. 
 
Bw--41 to 57 cm; dark yellowish brown (10YR 3/4) sandy clay loam; moderate 
subangular blocky structure; friable; many fine and very fine roots; moderately acid; clear 
smooth boundary. 
 
Bt1--57 to 75 cm; dark yellowish brown (10YR 3/4) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; few distinct yellowish brown 
(10YR 5/6) Fe concentrations; few distinct clay films on faces of peds; clear smooth boundary. 
 
Bt2--75 to 92 cm; dark yellowish brown (10YR 4/4) loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; slightly acid; common distinct yellowish 
brown (10YR 5/6) Fe concentrations; common distinct clay films on faces of peds; clear smooth 
boundary. 
 
Bt3--92 to 103 cm; dark yellowish brown (10YR 4/4) loam; moderate subangular blocky 
structure; friable; common very fine roots; neutral; common distinct yellowish brown (10YR 
5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; common 
distinct clay films on faces of peds; gradual smooth boundary. 
 
BC--103 to 114 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular 
blocky structure; friable; common very fine roots; slightly alkaline; common distinct yellowish 
brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; 
slightly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WL1 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501883, Y = 42.794733 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 376.9 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 2.6 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 15 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; strongly acid; clear smooth boundary. 
 
 A1 --15 to 28 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A2 --28 to 39 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
BA--39 to 57 cm; dark brown (10YR 3/3) loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
Bt1--57 to 76 cm; dark yellowish brown (10YR 4/4) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; neutral; few distinct clay films on faces of 
peds; gradual smooth boundary. 
 
Bt2--76 to 89 cm; dark yellowish brown (10YR 4/4) loam; weak subangular blocky 
structure; friable; common fine and very fine roots; neutral; common distinct clay films on faces 
of peds; gradual smooth boundary. 
 
Bt3--89 to 101 cm; dark yellowish brown (10YR 4/4) loam; weak subangular blocky 
structure; friable; common very fine roots; slightly alkaline; gradual smooth boundary. 
 
Bt4--101 to 117 cm; brown (10YR 4/3) loam; moderate subangular blocky structure; 
friable; common very fine roots; slightly alkaline; abrupt smooth boundary. 
 
C--117 to 125 cm; brown (10YR 4/3) loam; massive; friable; common very fine roots; 
slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; common 
distinct clay films on faces of peds; slightly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WL2 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501636, Y = 42.794566 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.4 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 4.3 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 20 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; moderately acid; clear smooth boundary. 
 
 A --20 to 43 cm; very dark brown (10YR 2/2) sandy loam; moderate granular structure; 
friable; many fine and very fine roots; slightly acid; clear smooth boundary. 
 
AB --43 to 57 cm; dark brown(10YR 3/3) sandy loam; weak granular structure; friable; 
many fine and very fine roots; neutral; abrupt smooth boundary. 
 
Bw1--57 to 77 cm; yellowish brown (10YR 5/4) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; moderately alkaline; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; strongly effervescent; gradual smooth boundary. 
 
Bw2--77 to 98 cm; yellowish brown (10YR 5/4) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; moderately alkaline; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; strongly effervescent; gradual smooth boundary. 
 
C--98 to 113 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; common 
very fine roots; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; strongly effervescent. 
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Soil Series: Clarion 
Core Number: WL3 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501772, Y = 42.794603 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.4 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 3.0 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 19 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; strongly acid; abrupt smooth boundary. 
 
 AB --19 to 37 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular 
blocky structure; friable; many fine and very fine roots; moderately acid; gradual smooth 
boundary. 
 
Bt1 --37 to 57 cm; brown (10YR 4/3) sandy clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; common distinct clay films on 
faces of peds; gradual smooth boundary. 
 
Bt2--57 to 70 cm; dark yellowish brown (10YR 4/4) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; neutral; common distinct clay films on faces of 
peds; gradual smooth boundary. 
 
BC--70 to 84 cm; light olive brown (2.5Y 5/4) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; slightly alkaline; abrupt smooth boundary. 
 
C1--84 to 99 cm; light olive brown (2.5Y 5/4) sandy loam; massive; friable; common fine 
and very fine roots; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; slightly effervescent; 
gradual smooth boundary. 
 
C2--99 to 113 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; common very 
fine roots; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations 
and distinct light brownish gray (2.5Y 6/2) Fe depletions; slightly effervescent; gradual smooth 
boundary. 
 
C3--113 to 125 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; common very 
fine roots; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations 
and distinct light brownish gray (2.5Y 6/2) Fe depletions; slightly effervescent. 
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Soil Series: Clarion 
Core Number: WL4 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501983, Y = 42.794489 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.2 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 2.3 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap1 --0 to 9 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; strongly acid; clear smooth boundary. 
 
 Ap2 --9 to 22 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; strongly acid; abrupt smooth boundary. 
 
A1 --22 to 32 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A2--32 to 48 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
Bt1--48 to 60 cm; dark yellowish brown (10YR 3/4) loam/sandy clay loam; moderate 
subangular blocky structure; friable; many fine and very fine roots; neutral; common distinct 
clay films on faces of peds; gradual smooth boundary. 
 
Bt2--60 to 74 cm; dark yellowish brown (10YR 3/4) sandy loam; moderate subangular 
blocky structure; friable; common fine and very fine roots; neutral; common distinct clay films 
on faces of peds; clear smooth boundary. 
 
Bt3--74 to 85 cm; dark yellowish brown (10YR 4/4) sandy loam; moderate subangular 
blocky structure; friable; common very fine roots; slightly alkaline; common distinct yellowish 
brown (10YR 5/6) Fe concentrations; common distinct clay films on faces of peds; clear smooth 
boundary. 
 
BC--85to 96 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; common very fine roots; slightly alkaline; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; clear wavy boundary. 
 
C--96 to 111 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; common 
very fine roots; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations 
and distinct light brownish gray (2.5Y 6/2) Fe depletions. 
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Soil Series: Clarion 
Core Number: WL5 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501618, Y = 42.794492 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.5 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 3.9 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 24 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; moderately acid; clear smooth boundary. 
 
 AB --24 to 42 cm; dark brown (10YR 3/3) sandy clay loam; moderate granular structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
Bw1 --42 to 55 cm; brown (10YR 4/3) loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; slightly acid; few distinct yellowish brown (10YR 5/6) Fe 
concentrations; gradual smooth boundary. 
 
Bw2--55 to 73 cm; brown (10YR 4/3) loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; neutral; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; abrupt smooth boundary. 
 
C1--73 to 90 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; many fine 
and very fine roots; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; 
clear smooth boundary. 
 
C2--90 to 110 cm; yellowish brown (10YR 5/4) silt loam; massive; friable; common fine 
and very fine roots; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; 
clear smooth boundary. 
 
C3--110 to 123 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; common 
very fine roots; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion 
Core Number: WL6 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501637, Y = 42.794570 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.4 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 3.4 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 14 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; very strongly acid; abrupt smooth boundary. 
 
 A1 --14 to 26 cm; black (10YR 2/1) loam; moderate granular structure; friable; many 
fine and very fine roots; strongly acid; gradual smooth boundary. 
 
A2 --26 to 39 cm; black (10YR 2/1) loam/sandy clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; clear smooth boundary. 
 
AB--39 to 49 cm; very dark brown (10YR 2/2) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
Bt1--49 to 61 cm; dark yellowish brown (10YR 3/4) loam; weak subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; common distinct clay films on 
faces of peds; gradual smooth boundary. 
 
Bt2--61 to 87 cm; dark yellowish brown (10YR 4/4) loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; slightly acid; common distinct clay films on 
faces of peds; clear smooth boundary. 
 
Bt3--87 to 110 cm; dark yellowish brown (10YR 4/4) loam; weak subangular blocky 
structure; friable; common very fine roots; neutral; common distinct yellowish brown (10YR 
5/6) Fe concentrations; common distinct clay films on faces of peds; abrupt smooth boundary. 
 
C--110 to 123 cm; yellowish brown (10YR 5/4) silt loam; massive; friable; common very 
fine roots; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and 
distinct light brownish gray (2.5Y 6/2) Fe depletions; slightly effervescent. 
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Soil Series: Clarion 
Core Number: WL7 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501835, Y = 42.794572 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.4 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 1.2 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; strongly acid; clear smooth boundary. 
 
 A --18 to 28 cm; very dark brown (10YR 2/2) loam; moderate granular structure; friable; 
many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
BA --28 to 38 cm; dark brown (10YR 3/3) clay loam; moderate granular structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
Bt1--38 to 51 cm; olive brown (2.5Y 4/3) sandy clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; common distinct clay films on 
faces of peds; gradual smooth boundary. 
 
Bt2--51 to 65 cm; olive brown (2.5Y 4/4) sandy clay loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; slightly acid; common distinct clay films on 
faces of peds; gradual smooth boundary. 
 
Bt3--65 to 76 cm; olive brown (2.5Y 4/4) sandy clay loam; moderate subangular blocky 
structure; friable; common very fine roots; slightly acid; common distinct clay films on faces of 
peds; gradual smooth boundary. 
 
Bt4--76 to 95 cm; olive brown (2.5Y 4/4) loam; moderate subangular blocky structure; 
friable; common very fine roots; neutral; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; common distinct clay films on faces of peds; abrupt smooth boundary. 
 
C--95 to 124 cm; light olive brown (2.5Y 5/4) sandy loam; massive; friable; common 
very fine roots; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations 
and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WL8 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501913, Y = 42.794658 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.0 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 4.7 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 19 cm; black (10YR 2/1) sandy loam; moderate subangular blocky structure; 
friable; many very fine and fine roots; strongly acid; clear smooth boundary. 
 
 A1 --19 to 31 cm; very dark brown (10YR 2/2) sandy loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; clear smooth boundary. 
 
A2 --31 to 47 cm; dark brown (10YR 3/3) sandy loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; abrupt smooth boundary. 
 
C1--47 to 66 cm; yellowish brown (10YR 5/4) sandy loam; single grain; loose; many fine 
and very fine roots; slightly alkaline; abrupt smooth boundary. 
 
C2--66 to 81 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; moderately 
alkaline; strongly effervescent; clear smooth boundary. 
 
C3--81 to 106 cm; yellowish brown (10YR 5/4) sandy loam; single grain; loose; 
moderately alkaline; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WL9 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501615, Y = 42.794631 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.2 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Typic Hapludoll 
Slope Characteristics: 3.7 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap1 --0 to 8 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; moderately acid; abrupt smooth boundary. 
 
 Ap2 --8 to 17 cm; very dark brown (10YR 2/2) loam; moderate granular structure; 
friable; many fine and very fine roots; strongly acid; abrupt smooth boundary. 
 
Bt1--17 to 35 cm; dark yellowish brown (10YR 3/4) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; common distinct clay films on 
faces of peds; clear smooth boundary. 
 
Bt2--35 to 48 cm; dark yellowish brown (10YR 4/4) sandy loam; moderate subangular 
blocky structure; friable; common fine and very fine roots; slightly acid; common distinct 
yellowish brown (10YR 5/6) Fe concentrations; common distinct clay films on faces of peds; 
clear smooth boundary. 
 
Bt3--48 to 73 cm; dark yellowish brown (10YR 4/4) sandy loam; moderate subangular 
blocky structure; friable; common very fine roots; neutral; common distinct yellowish brown 
(10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; common 
distinct clay films on faces of peds; clear smooth boundary. 
 
BC--73 to 88 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; common very fine roots; slightly alkaline; common distinct yellowish brown 
(10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; clear 
smooth boundary. 
 
C--88 to 119 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; moderately 
alkaline; many distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; slightly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WL10 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501561, Y = 42.794652 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 376.9 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Typic Eutrudept 
Slope Characteristics: 5.2 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 14 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular blocky 
structure; friable; many very fine and fine roots; moderately acid; abrupt smooth boundary. 
 
 BA --14 to 34 cm; dark yellowish brown (10YR 3/4) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; clear smooth boundary. 
 
Bw--34 to 55 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular blocky 
structure; friable; many fine and very fine roots; neutral; abrupt smooth boundary. 
 
BC--55 to 66 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; common fine and very fine roots; slightly alkaline; strongly effervescent; 
gradual smooth boundary. 
 
CB--66 to 90 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; common very fine roots; moderately alkaline; strongly effervescent; clear 
smooth boundary. 
 
C1--90 to 104 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; moderately 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; strongly effervescent; 
clear smooth boundary. 
 
C2--104 to 124 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; 
moderately alkaline; many distinct yellowish brown (10YR 5/6) Fe concentrations and distinct 
light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM1 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.502936, Y = 42.794185 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 375.3 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 6.1 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 15 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; slightly acid; clear smooth boundary. 
 
 A --15 to 35 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
AB--35to 51 cm; very dark brown (10YR 2/2) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
Bw--51 to 67 cm; brown (10YR 4/3) loam; moderate subangular blocky structure; 
friable; common fine and very fine roots; neutral; abrupt smooth boundary. 
 
BC--67 to 87 cm; light olive brown (2.5Y 5/4) loam; weak subangular blocky structure; 
friable; common very fine roots; slightly alkaline; common distinct yellowish brown (10YR 5/6) 
Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly 
effervescent; gradual smooth boundary. 
 
C--87 to 99 cm; light olive brown (2.5Y 5/4) loam; massive; friable; slightly alkaline; 
many distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light brownish gray 
(2.5Y 6/2) Fe depletions; strongly effervescent; clear smooth boundary. 
 
Cg--99 to 116 cm; grayish brown (2.5Y 5/2) loam; massive; friable; slightly alkaline; 
many distinct yellowish brown (10YR 5/6) Fe concentrations; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM2 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501760, Y = 42.791956 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 376.6 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 1.4 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 17 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; moderately acid; clear smooth boundary. 
 
 A1 --17 to 27 cm; black (10YR 2/1) clay loam; moderate granular structure; friable; 
many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A2--27 to 42 cm; black (10YR 2/1) loam/clay loam; strong subangular blocky structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
AB--42 to 58 cm; very dark brown (10YR 2/2) loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; moderately acid; gradual smooth boundary. 
 
BA--58 to 69 cm; very dark grayish brown (10YR 3/2) loam; weak subangular blocky 
structure; friable; common very fine roots; slightly acid; few distinct clay films on faces of peds; 
clear smooth boundary. 
 
Bt1--69 to 80 cm; brown (10YR 4/3) sandy clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; neutral; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; common distinct clay films on faces of peds; gradual smooth 
boundary. 
 
Bt2--80 to 93 cm; dark yellowish brown (10YR 4/4) loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; slightly alkaline; common distinct yellowish 
brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; 
common distinct clay films on faces of peds; abrupt smooth boundary. 
 
C--93 to 114 cm; dark yellowish brown (10YR 4/4) sandy loam; massive; friable; slightly 
alkaline; many distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM3 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.500937, Y = 42.790997 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 376.7 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 3.5 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 14 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; moderately acid; clear smooth boundary. 
 
 A1 --14 to 37 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A2--37 to 51 cm; black (10YR 2/1) loam; moderate granular structure; friable; many fine 
and very fine roots; moderately acid; clear smooth boundary. 
 
AB--51 to 69 cm; very dark grayish brown (10YR 3/2) sandy clay loam; moderate 
subangular blocky structure; friable; common fine and very fine roots; slightly acid; gradual 
smooth boundary. 
 
Bw--69 to 91 cm; brown (10YR 4/3) sandy loam; weak subangular blocky structure; 
friable; common very fine roots; neutral; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; clear smooth 
boundary. 
 
BC--91 to 102 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular 
blocky structure; friable; many fine and very fine roots; slightly alkaline; common distinct 
yellowish brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe 
depletions; abrupt smooth boundary. 
 
Cg--102 to 113 cm; pale brown (10YR 6/3) silt loam; massive; firm; slightly alkaline; 
many distinct yellowish brown (10YR 5/6) Fe concentrations; strongly effervescent; clear 
smooth boundary. 
 
C--113 to 125 cm; yellowish brown (10YR 5/4) sandy loam; massive; firm; slightly 
alkaline; many distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM4 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501997, Y = 42.793784 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 376.4 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 4.6 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 22 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many very fine and fine roots; very strongly acid; clear smooth boundary. 
 
 A1 --22 to 36 cm; black (10YR 2/1) silty clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
A2--36 to 50 cm; black (10YR 2/1) silty clay loam; moderate granular structure; friable; 
many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A3--50 to 63 cm; black (10YR 2/1) silty clay loam; moderate granular structure; friable; 
common fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A4--63 to 78 cm; very dark gray (10YR 3/1) silty clay loam; moderate subangular blocky 
structure; friable; common very fine roots; moderately acid; common distinct yellowish brown 
(10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; clear 
smooth boundary. 
 
Btg1--78 to 88 cm; dark grayish brown (10YR 4/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; common distinct clay films on faces of peds; clear smooth 
boundary. 
 
Btg2--88 to 107 cm; grayish brown (10YR 5/2) loam; weak subangular blocky structure; 
friable; neutral; many distinct yellowish brown (10YR 5/6) Fe concentrations; common distinct 
clay films on faces of peds; clear smooth boundary. 
 
BCg--107 to 126 cm; grayish brown (10YR 5/2) sandy loam; weak subangular blocky 
structure; friable; neutral; many distinct yellowish brown (10YR 5/6) Fe concentrations. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM5 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.500802, Y = 42.794171 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.7 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 3.4 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 17 cm; black (10YR 2/1) loam; strong granular structure; friable; many very 
fine and fine roots; neutral; abrupt smooth boundary. 
 
 A1 --17 to 34 cm; black (10YR 2/1) clay loam; moderate granular structure; friable; 
many fine and very fine roots; moderately acid; clear smooth boundary. 
 
A2--34 to 50 cm; very dark brown (10YR 2/2) clay loam; moderate granular structure; 
friable; many fine and very fine roots; strongly acid; clear smooth boundary. 
 
AB--50 to 63 cm; very dark grayish brown (10YR 3/2) clay loam; weak granular 
structure; friable; common fine and very fine roots; strongly acid; clear smooth boundary. 
 
Bt1--63 to 79 cm; dark yellowish brown (10YR 3/4) sandy clay loam; moderate 
subangular blocky structure; friable; many fine and very fine roots; moderately acid; common 
distinct clay films on faces of peds; clear smooth boundary. 
 
Bt2--79 to 102 cm; dark yellowish brown (10YR 4/4) sandy clay loam; moderate 
subangular blocky structure; friable; slightly acid; common distinct clay films on faces of peds; 
clear smooth boundary. 
 
BC--102 to 116 cm; dark yellowish brown (10YR 4/4) loam; weak subangular blocky 
structure; friable; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; gradual wavy 
boundary. 
 
C--116 to 123 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; slightly 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM6 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501464, Y = 42.794048 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.6 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 0.9 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 19 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; extremely acid; clear smooth boundary. 
 
 A1 --19 to 33 cm; black (10YR 2/1) silty clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; very strongly acid; clear smooth boundary. 
 
A2--33 to 46 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
AB--46 to 59 cm; very dark brown (10YR 2/2) clay loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; strongly acid; gradual smooth boundary. 
 
BA--59 to 75 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; common distinct yellowish 
brown (10YR 5/6) Fe concentrations; gradual smooth boundary. 
 
Bw--75 to 96 cm; brown (10YR 4/3) sandy loam; moderate subangular blocky structure; 
friable; moderately acid; common distinct yellowish brown (10YR 5/6) Fe concentrations and 
distinct light brownish gray (2.5Y 6/2) Fe depletions; gradual smooth boundary. 
 
Bt--96 to 110 cm; brown (10YR 4/3) sandy loam; moderate subangular blocky structure; 
friable; slightly acid; common distinct yellowish brown (10YR 5/6) Fe concentrations and 
distinct light brownish gray (2.5Y 6/2) Fe depletions; few distinct clay films on faces of peds; 
gradual smooth boundary. 
 
C--110 to 122 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; slightly 
acid; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light brownish 
gray (2.5Y 6/2) Fe depletions. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM7 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501839, Y = 42.794075 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.2 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 3.0 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 23 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; strongly acid; clear smooth boundary. 
 
 A1 --23 to 39 cm; black (10YR 2/1) loam; moderate granular structure; friable; many 
fine and very fine roots; strongly alkaline; gradual smooth boundary. 
 
A2--39 to 57 cm; black (10YR 2/1) sandy clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
A3--57 to 68 cm; very dark grayish brown (10YR 3/2) sandy clay loam; moderate 
subangular blocky structure; friable; common fine and very fine roots; slightly acid; gradual 
smooth boundary. 
 
Bw1--68 to 82 cm; brown (10YR 4/3) sandy clay loam; weak subangular blocky 
structure; friable; many fine and very fine roots; neutral; common distinct yellowish brown 
(10YR 5/6) Fe concentrations; clear smooth boundary. 
 
Bw2--82 to 93 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular 
blocky structure; friable; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; clear smooth 
boundary. 
 
BC--93 to 103 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular 
blocky structure; friable; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; abrupt smooth 
boundary. 
 
Cg--103 to 118 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; slightly 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM8 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.500859, Y = 42.793370 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 378.0 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 1.8 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; black (10YR 2/1) loam; weak subangular blocky structure; friable; many 
very fine and fine roots; slightly alkaline; clear smooth boundary. 
 
 A --18 to 28 cm; black (10YR 2/1) loam; weak subangular blocky structure; friable; many 
fine and very fine roots; slightly alkaline; few distinct yellowish brown (10YR 5/6) Fe 
concentrations; strongly effervescent; abrupt smooth boundary. 
 
C1--28 to 41 cm; black (2.5Y 5/4) sandy loam; massive; friable; many fine and very fine 
roots; moderately alkaline; abrupt smooth boundary. 
 
Apb--41 to 58 cm; very dark grayish brown (10YR 2/1) silty clay loam; moderate angular 
blocky structure; firm; common fine and very fine roots; slightly alkaline; clear smooth 
boundary. 
 
Ab--58 to 69 cm; brown (10YR 2/2) silty clay loam; moderate angular blocky structure; 
firm; many fine and very fine roots; neutral; clear smooth boundary. 
 
Bt1--69 to 80 cm; dark yellowish brown (10YR 4/3) loam; moderate angular blocky 
structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; 
common distinct clay films on faces of peds; clear smooth boundary. 
 
Bt2--80 to 96 cm; dark yellowish brown (10YR 4/3) sandy clay loam; weak subangular 
blocky structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; common distinct clay films on faces of peds; gradual smooth boundary. 
 
BC--96 to 109 cm; yellowish brown (10YR 4/4) sandy clay loam; weak subangular blocky 
structure; friable; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; abrupt wavy boundary. 
 
C2--109 to 123 cm; yellowish brown (10YR 4/4) sandy loam; massive; friable; 
moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and 
distinct light brownish gray (2.5Y 6/2) Fe depletions; slightly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM9 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.502176, Y = 42.795275 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 375.8 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 1.5 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 17 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many very fine and fine roots; strongly acid; clear smooth boundary. 
 
 A1 --17 to 34 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
A2--34 to 49 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
AB--49 to 61 cm; very dark brown (10YR 2/2) clay loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; moderately acid; gradual smooth boundary. 
 
BA--61 to 77 cm; very dark grayish brown (10YR 3/2) loam/clay loam; moderate 
subangular blocky structure; friable; many fine and very fine roots; slightly acid; common 
distinct yellowish brown (10YR 5/6) Fe concentrations; gradual smooth boundary. 
 
Bt1--77 to 92 cm; dark grayish brown (10YR 4/2) sandy clay loam; moderate subangular 
blocky structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; few distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt2--92 to 103 cm; brown (10YR 4/3) sandy clay loam; weak subangular blocky 
structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations and 
distinct light brownish gray (2.5Y 6/2) Fe depletions; few distinct clay films on faces of peds; 
clear smooth boundary. 
 
BC--103 to 113 cm; brown (10YR 4/3) sandy loam; weak subangular blocky structure; 
firm; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and 
distinct light brownish gray (2.5Y 6/2) Fe depletions; abrupt smooth boundary. 
 
Cg--113 to 125 cm; grayish brown (10YR 5/2) sandy loam; massive; firm; slightly 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; slightly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WM10 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.502214, Y = 42.795609 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 375.3 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 4.2 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap1 --0 to 12 cm; black (10YR 2/1) loam; strong granular structure; friable; many very 
fine and fine roots; neutral; clear smooth boundary. 
 
 Ap2 --12 to 21 cm; black (10YR 2/1) loam; strong granular structure; friable; many fine 
and very fine roots; strongly acid; abrupt smooth boundary. 
 
A1--21 to 31 cm; black (10YR 2/1) loam; moderate granular structure; friable; many fine 
and very fine roots; slightly acid; clear smooth boundary. 
 
A2--31 to 40 cm; black (10YR 2/1) loam; moderate granular structure; friable; common 
fine and very fine roots; slightly acid; gradual smooth boundary. 
 
A3--40 to 56 cm; very dark brown (10YR 2/2) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; neutral; gradual smooth boundary. 
 
Bw1--56 to 71 cm; dark yellowish brown (10YR 4/4) loam; moderate subangular blocky 
structure; friable; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; abrupt smooth 
boundary. 
 
Bw2--71 to 83 cm; dark yellowish brown (10YR 4/4) sandy loam; weak subangular 
blocky structure; friable; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; 
gradual smooth boundary. 
 
BC--83 to 104 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; 
gradual smooth boundary. 
 
C--104 to 118 cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; slightly 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; slightly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH1 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501431, Y = 42.793375 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.0 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 2.5 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 16 cm; black (10YR 2/1) clay loam; strong subangular blocky structure; friable; 
many very fine and fine roots; moderately acid; clear smooth boundary. 
 
 A1 --16 to 31 cm; black (10YR 2/1) silty clay loam; strong subangular blocky structure; 
friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
A2--31 to 45 cm; black (10YR 2/1) silty clay loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
A3--45 to 60 cm; black (10YR 2/1) silty clay loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; slightly acid; gradual smooth boundary. 
 
AB--60 to 77 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; neutral; few distinct clay films on faces of peds; gradual 
smooth boundary. 
 
Bt1--77 to 88 cm; dark grayish brown (10YR 4/2) loam; moderate subangular blocky 
structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; 
common distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt2--88 to 111 cm; dark grayish brown (10YR 4/2) sandy clay loam; moderate 
subangular blocky structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe 
concentrations; common distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt3--111 to 123 cm; dark grayish brown (10YR 4/2) loam; moderate subangular blocky 
structure; friable; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; common distinct clay 
films on faces of peds. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH2 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.500175, Y = 42.793477 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.5 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 2.1 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 20 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; slightly alkaline; clear smooth boundary. 
 
 A1 --20 to 36 cm; black (10YR 2/1) loam; moderate granular structure; friable; many 
fine and very fine roots; neutral; gradual smooth boundary. 
 
A2--36 to 49 cm; black (10YR 2/1) clay loam; moderate granular structure; friable; many 
fine and very fine roots; neutral; gradual smooth boundary. 
 
A3--49 to 62 cm; black (10YR 2/1) clay loam; weak subangular blocky structure; friable; 
common fine and very fine roots; neutral; gradual smooth boundary. 
 
A4--62 to 74 cm; very dark brown (10YR 2/2) loam; weak subangular blocky structure; 
friable; many fine and very fine roots; neutral; gradual smooth boundary. 
 
AB--74 to 88 cm; very dark grayish brown (10YR 3/2) loam; weak subangular blocky 
structure; friable; neutral; gradual smooth boundary. 
 
Bt--88 to 100 cm; dark grayish brown (10YR 4/2) sandy clay loam; weak subangular 
blocky structure; friable; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; common distinct clay 
films on faces of peds; abrupt smooth boundary. 
 
Cg--100 to 118 cm; grayish brown (10YR 5/2) sandy loam; massive; friable; moderately 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; slightly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH3 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501197, Y = 42.793641 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.5 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 2.8 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; strongly acid; clear smooth boundary. 
 
 A1 --18 to 34 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
A2--34 to 56 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
AB--56 to 69 cm; very dark brown (10YR 2/2) clay loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; slightly acid; gradual smooth boundary. 
 
BA--69 to 85 cm; dark brown (10YR 3/3) loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; neutral; gradual smooth boundary. 
 
Bw--85 to 100 cm; yellowish brown (10YR 5/4) sandy loam; weak subangular blocky 
structure; friable; slightly alkaline; clear smooth boundary. 
 
BCg--100 to 109 cm; grayish brown (2.5Y 5/2) loam; weak subangular blocky structure; 
friable; slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; abrupt 
smooth boundary. 
 
Cg--109 to 125 cm; grayish brown (2.5Y 5/2) sandy loam; massive; friable; slightly 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; slightly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH4 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501449, Y = 42.793281 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.0 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 2.3 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; slightly acid; clear smooth boundary. 
 
 A1 --18 to 31 cm; black (10YR 2/1) clay loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
A2--31 to 47 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; neutral; gradual smooth boundary. 
 
AB--47 to 57 cm; very dark brown (10YR 2/2) silt loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; slightly alkaline; clear smooth boundary. 
 
Bw1--57 to 81 cm; light olive brown (2.5Y 5/4) silt loam; weak subangular blocky 
structure; friable; many fine and very fine roots; moderately alkaline; strongly effervescent; 
clear smooth boundary. 
 
Bw2--81 to 102 cm; light olive brown (2.5Y 5/4) sandy loam; weak subangular blocky 
structure; friable; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; 
clear smooth boundary. 
 
C--102 to 122 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; moderately 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and depeletions; 
strongly effervescent. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH5 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.500237, Y = 42.794187 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.0 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 7.0 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; black (10YR 2/1) loam; moderate granular structure; friable; many very 
fine and fine roots; neutral; clear smooth boundary. 
 
 A1 --18 to 32 cm; black (10YR 2/1) loam; moderate granular structure; friable; many 
fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A2--32 to 43 cm; black (10YR 2/1) loam; moderate granular structure; friable; many fine 
and very fine roots; moderately acid; gradual smooth boundary. 
 
AB--43 to 59 cm; very dark brown (10YR 2/2) loam; weak subangular blocky structure; 
friable; common fine and very fine roots; moderately acid; gradual smooth boundary. 
 
BA--59 to 72 cm; dark brown (10YR 3/3) loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
Bw--72 to 90 cm; dark yellowish brown (10YR 4/4) loam; moderate subangular blocky 
structure; friable; slightly acid; gradual smooth boundary. 
 
BC--90 to 110 cm; dark yellowish brown (10YR 4/4) loam; weak subangular blocky 
structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; 
clear smooth boundary. 
 
C--110 to 124 cm; yellowish brown (10YR 5/4) loam; massive; friable; slightly alkaline; 
common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light brownish gray 
(2.5Y 6/2) Fe depletions. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH6 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501054, Y = 42.793790 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.5 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 2.3 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap1 --0 to 11 cm; black (10YR 2/1) loam; moderate granular structure; friable; many 
very fine and fine roots; slightly alkaline; gradual smooth boundary. 
 
 Ap2 --11 to 25 cm; black (10YR 2/1) loam; moderate granular structure; friable; many 
fine and very fine roots; slightly alkaline; clear smooth boundary. 
 
A1--25 to 35 cm; black (10YR 2/1) loam; moderate granular structure; friable; many fine 
and very fine roots; slightly alkaline; clear smooth boundary. 
 
A2--35 to 50 cm; black (10YR 2/1) loam; moderate granular structure; friable; common 
fine and very fine roots; slightly alkaline; clear smooth boundary. 
 
A3--50 to 64 cm; black (10YR 2/1) loam; moderate granular structure; friable; many fine 
and very fine roots; slightly alkaline; abrupt smooth boundary. 
 
C1--64 to 82 cm; light olive brown (2.5Y 5/4) loam; massive; friable; slightly alkaline; 
strongly effervescent; gradual smooth boundary. 
 
C2--82 to 95 cm; light olive brown (2.5Y 5/4) loam; massive; slightly alkaline; common 
distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 
6/2) Fe depletions; abrupt smooth boundary. 
 
Ab1--95 to 110 cm; black (10YR 2/1) loam; weak subangular blocky structure; friable; 
slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct 
light brownish gray (2.5Y 6/2) Fe depletions; clear smooth boundary. 
 
Ab2--110 to 122 cm; black (10YR 2/1) loam; moderate granular structure; friable; 
slightly alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH7 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.500943, Y = 42.793787 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.7 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 2.7 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; black (10YR 2/1) silt loam; moderate subangular blocky structure; 
friable; many very fine and fine roots; neutral; clear smooth boundary. 
 
 A1 --18 to 32 cm; black (10YR 2/1) silt loam; moderate subangular blocky structure; 
friable; many fine and very fine roots; neutral; gradual smooth boundary. 
 
A2--32 to 43 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; neutral; gradual smooth boundary. 
 
A3--43 to 59 cm; black (10YR 2/1) loam; moderate granular structure; friable; common 
fine and very fine roots; slightly acid; gradual smooth boundary. 
 
A4--59 to 72 cm; black (10YR 2/1) clay loam; moderate granular structure; friable; many 
fine and very fine roots; slightly acid; gradual smooth boundary. 
 
A5--72 to 90 cm; very dark gray (10YR 3/1) loam; moderate granular structure; friable; 
slightly acid; few distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt1--90 to 110 cm; dark grayish brown (10YR 4/2) loam; moderate subangular blocky 
structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; 
common distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt2--110 to 124 cm; dark grayish brown (10YR 4/2) loam; moderate subangular blocky 
structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations and 
distinct light brownish gray (2.5Y 6/2) Fe depletions; common distinct clay films on faces of 
peds. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH8 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.501067, Y = 42.794290 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.0 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 6.1 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 20 cm; black (10YR 2/1) sandy clay loam; strong granular structure; friable; 
many very fine and fine roots; strongly acid; clear smooth boundary. 
 
 A1 --20 to 30 cm; black (10YR 2/1) loam; strong granular structure; friable; many fine 
and very fine roots; strongly acid; clear smooth boundary. 
 
A2--30 to 41 cm; black (10YR 2/1) loam; weak subangular blocky structure; friable; 
many fine and very fine roots; strongly acid; gradual smooth boundary. 
 
A3--41 to 53 cm; very dark brown (10YR 2/2) loam; weak subangular blocky structure; 
friable; common fine and very fine roots; moderately acid; gradual smooth boundary. 
 
AB--53 to 65 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; moderately acid; few distinct clay films on 
faces of peds; gradual smooth boundary. 
 
Bt1--65 to 82 cm; brown (10YR 4/3) loam; moderate subangular blocky structure; 
friable; slightly acid; common distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt2--82 to 99 cm; brown (10YR 4/3) loam; moderate subangular blocky structure; 
friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; common 
distinct clay films on faces of peds; gradual smooth boundary. 
 
Bt3--99 to 120 cm; brown (10YR 4/3) sandy loam; weak subangular blocky structure; 
friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct 
light brownish gray (2.5Y 6/2) Fe depletions; common distinct clay films on faces of peds. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH9 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.500572, Y = 42.791869 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 377.3 (meters) 
Classification: Fine loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 2.2 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap1 --0 to 9 cm; black (10YR 2/1) sandy clay loam; weak granular structure; friable; 
many very fine and fine roots; slightly acid; clear smooth boundary. 
 
 Ap2 --9 to 27 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; slightly acid; abrupt smooth boundary. 
 
A1--27 to 48 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A2--48 to 59 cm; very dark brown (10YR 2/2) loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; moderately acid; gradual smooth boundary. 
 
A3--59 to 71 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular blocky 
structure; friable; many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
Bw--71 to 85 cm; dark brown (10YR 3/3) loam; weak subangular blocky structure; 
friable; slightly acid; clear smooth boundary. 
 
C1--85 to 99 cm; dark yellowish brown (10YR 4/4) loam; massive; extremely friable; 
neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; clear smooth 
boundary. 
 
C2--99 to 113 cm; dark yellowish brown (10YR 4/4) loam; single grain; loose; slightly 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations; clear smooth 
boundary. 
 
C3--113 to 125 cm; dark yellowish brown (10YR 4/4) loam; single grain; loose; slightly 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations. 
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Soil Series: Clarion, taxadjunct 
Core Number: WH10 
Map Unit Symbol: 138B 
Location: Don Latham’s Wright Farm near Alexander, IA  
Coordinates: x = -93.500422, Y = 42.790746 (GCS: WGS 1984; decimal degrees) 
Elevation: Z= 376.5 (meters) 
Classification: Coarse loamy, mixed, superactive, mesic, Pachic Hapludoll 
Slope Characteristics: 1.5 (percent) 
Precipitation: Udic Moisture Regime 
Date: 9/25/2012 
 
 Ap --0 to 18 cm; black (10YR 2/1) loam; weak subangular blocky structure; friable; many 
very fine and fine roots; moderately acid; clear smooth boundary. 
 
 A1 --18 to 34 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; slightly acid; gradual smooth boundary. 
 
A2--34 to 46 cm; black (10YR 2/1) loam; moderate subangular blocky structure; friable; 
many fine and very fine roots; neutral; gradual smooth boundary. 
 
AB--46 to 59 cm; very dark grayish brown (10YR 3/2) loam; moderate subangular blocky 
structure; friable; common fine and very fine roots; slightly alkaline; strongly effervescent; 
abrupt smooth boundary. 
 
Bw1--59 to 70 cm; light olive brown (2.5Y 5/3) silt loam; weak subangular blocky 
structure; friable; many fine and very fine roots; moderately alkaline; common distinct 
yellowish brown (10YR 5/6) Fe concentrations and distinct light brownish gray (2.5Y 6/2) Fe 
depletions; strongly effervescent; gradual smooth boundary. 
 
Bw2--70 to 90 cm; light olive brown (2.5Y 5/3) silt loam; weak subangular blocky 
structure; friable; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; 
gradual smooth boundary. 
 
Bg--90 to 106 cm; light yellowish brown (2.5Y 6/3) silt loam; weak subangular blocky 
structure; friable; neutral; common distinct yellowish brown (10YR 5/6) Fe concentrations; 
strongly effervescent; gradual smooth boundary. 
 
BC--106 to 118 cm; light olive brown (2.5Y 5/3) sandy loam; weak subangular blocky 
structure; friable; moderately alkaline; common distinct yellowish brown (10YR 5/6) Fe 
concentrations and distinct light brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent; 
clear smooth boundary. 
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C--118 to 125 cm; light olive brown (2.5Y 5/3) silt loam; massive; friable; moderately 
alkaline; common distinct yellowish brown (10YR 5/6) Fe concentrations and distinct light 
brownish gray (2.5Y 6/2) Fe depletions; strongly effervescent. 
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APPENDIX B. LABORATORY DATA 
 
 
 
 
Units of Soil Parameter Measurements: 
Depth cm 
TC g 100g-1 
TN g 100g-1 
M3P mg kg-1 
M3K mg kg-1 
pH -log 
Sand g 100g-1 
Coarse silt g 100g-1 
Fine silt g 100g-1 
Clay g 100g-1 
Total silt g 100g-1 
 
 
 
 
1
2
9
 
label depth class horizon depth tot. C  tot. N m3P m3K  pH sand cos silt  fine silt clay tot. silt texture class 
VL10-1 25 Ap 11 1.857 0.0913 11 110 7.25 59.4 15.8 9.6 15.2 25.4 sandy loam 
VL10-2 100 C1 26 3 0.0474 2 67 7.25 53.1 16.5 15.2 15.1 31.7 sandy loam 
VL10-3 100 C2 50 2.58 0.0382 3 70 7.25 55.2 16.8 13.4 14.6 30.2 sandy loam 
VL1-1 25 Ap 18 1.41 0.13 8 179 6.00 56.7 11.5 13.1 18.8 24.5 sandy loam 
VL1-2 100 AB 29 0.3848 0.0291 3 73 6.15 51.7 12.2 16.1 20.1 28.2 loam 
VL1-3 100 Bw1 47 0.5179 0.0549 3 74 6.35 53.5 13.5 14.0 19.1 27.5 sandy loam 
VL1-4 100 Bw2 67 0.3554 0.0429 4 66 6.55 65.9 10.9 8.8 14.4 19.7 sandy loam 
VL1-5 100 BC 88 0.26 0.0233 7 58 6.70 76.0 8.5 5.7 9.8 14.2 sandy loam 
VL1-6 100 CB 99 0.4339 0.0376 7 72 7.20 74.4 6.5 8.0 11.0 14.6 sandy loam 
VL1-7 >100 C 113 1.358 0.0157 4 52 7.70 82.8 5.2 5.2 6.8 10.4 loamy sand 
VL2-1 25 Ap 11 0.929 0.0905 7 93 7.80 56.7 11.5 13.1 18.8 24.5 sandy loam 
VL2-2 25 BA 22 0.4902 0.0528 3 91 7.60 58.5 11.5 11.3 18.7 22.8 sandy loam 
VL2-3 100 Bw1 42 0.3404 0.0336 2 93 7.45 58.1 11.1 11.7 19.1 22.8 sandy loam 
VL2-4 100 Bw2 57 0.2749 0.0298 3 87 7.55 57.0 11.1 13.7 18.2 24.8 sandy loam 
VL2-5 100 Bw3 69 0.2825 0.0364 9 100 7.35 57.2 10.9 14.5 17.5 25.3 sandy loam 
VL2-6 100 BC 81 1.539 0.0249 7 75 7.75 54.0 13.3 17.5 15.3 30.7 sandy loam 
VL2-7 >100 C 107 2.114 0.0174 6 74 8.10 53.9 13.6 18.0 14.5 31.6 sandy loam 
VL3-1 25 Ap 18 1.052 0.1099 14 119 6.60 59.1 11.1 11.8 18.0 22.9 sandy loam 
VL3-2 100 Bw1 30 0.4366 0.0588 6 130 6.55 58.6 10.5 13.4 17.4 24.0 sandy loam 
VL3-3 100 Bw2 44 0.4606 0.0505 7 139 6.95 56.5 11.7 13.3 18.5 25.0 sandy loam 
VL3-4 100 C1 65 2.658 0.0258 4 126 7.65 53.5 14.7 18.2 13.6 32.9 sandy loam 
VL3-5 100 C2 83 2.4 0.0241 4 119 7.85 53.7 15.8 18.5 12.0 34.4 sandy loam 
VL4-1 25 Ap1 10 1.47 0.1169 13 94 7.55 60.3 13.3 14.3 12.2 27.6 sandy loam 
VL4-2 25 Ap2 18 1.702 0.0771 5 67 7.70 57.4 14.0 16.8 11.8 30.7 sandy loam 
VL4-3 100 Bw 31 3.005 0.0391 2 48 8.05 55.4 11.2 23.6 9.8 34.8 sandy loam 
VL4-4 100 CB 41 2.323 0.0299 2 53 8.05 61.5 9.9 20.9 7.7 30.8 sandy loam 
VL4-5 100 C1 63 2.018 0.0137 2 55 8.20 69.2 11.6 14.1 5.1 25.6 sandy loam 
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VL4-6 100 C2 80 1.756 0.031 2 42 8.25 76.6 7.0 12.6 3.8 19.6 loamy sand 
VL5-1 25 Ap 12 1.196 0.1208 5 75 6.75 50.4 16.9 15.8 16.8 32.8 loam 
VL5-2 100 AB 27 0.6427 0.0792 2 81 7.00 50.5 15.6 15.7 18.2 31.3 loam 
VL5-3 100 BA 42 0.4585 0.0611 3 84 7.45 56.8 12.5 14.7 16.0 27.2 sandy loam 
VL5-4 100 Bw1 55 2.377 0.0434 2 72 7.95 56.7 14.7 17.5 11.1 32.2 sandy loam 
VL5-5 100 Bw2 70 2.957 0.0278 1 61 8.05 54.4 14.4 20.4 10.8 34.8 sandy loam 
VL5-6 100 Bw3 84 2.294 0.0226 2 60 7.35 55.5 17.1 17.9 9.5 35.0 sandy loam 
VL5-7 >100 BC 108 1.687 0.0105 3 57 7.40 72.3 14.6 8.9 4.1 23.6 sandy loam 
VL5-8 >100 CB 118 2.232 0.0257 1 65 7.35 57.8 15.1 17.5 9.6 32.6 sandy loam 
VL6-1 25 Ap 17 1.322 0.0973 10 77 7.75 57.2 13.7 15.6 13.6 29.2 sandy loam 
VL6-2 100 Bw 28 0.4638 0.0553 4 68 7.45 53.1 14.7 15.5 16.7 30.2 sandy loam 
VL6-3 100 CB 41 1.918 0.0528 3 61 7.75 52.1 14.5 19.3 14.0 33.8 sandy loam 
VL6-4 100 C1 55 2.733 0.0498 4 65 7.90 51.5 18.3 16.6 13.6 34.9 loam 
VL6-5 100 C2 67 2.639 0.0225 3 58 7.90 52.8 19.8 15.0 12.3 34.9 sandy loam 
VL6-6 100 C3 84 2.806 0.0236 3 59 7.95 52.9 18.1 19.8 9.2 37.9 sandy loam 
VL7-1 25 Ap 11 1.365 0.1034 10 93 7.20 60.3 15.9 11.6 12.2 27.6 sandy loam 
VL7-2 100 Bw 27 1.459 0.0437 4 66 7.20 59.1 20.5 11.6 8.9 32.0 sandy loam 
VL7-3 100 CB 40 2.367 0.0411 3 54 7.30 56.3 23.4 13.2 7.1 36.5 sandy loam 
VL7-4 100 C1 57 2.23 0.0235 3 44 7.35 62.8 20.9 11.1 5.3 32.0 sandy loam 
VL7-5 100 C2 70 2.185 0.0205 2 44 7.45 80.3 8.8 6.6 4.2 15.4 loamy sand 
VL7-6 100 C3 84 1.564 0.0036 2 39 7.50 89.6 5.3 3.1 2.0 8.4 sand 
VL8-1 25 Ap 11 0.7398 0.0594 4 73 7.00 53.3 16.1 15.1 15.5 31.2 sandy loam 
VL8-2 25 Bw1 20 2.245 0.0449 2 66 7.20 54.1 16.5 17.1 12.3 33.6 sandy loam 
VL8-3 100 Bw2 40 2.429 0.0413 2 66 7.25 63.2 6.3 18.6 11.9 24.9 sandy loam 
VL8-4 100 C 52 2.528 0.0304 3 64 7.30 54.2 15.8 18.0 12.0 33.8 sandy loam 
VL9-1 25 Ap 14 1.223 0.1015 12 95 7.25 62.0 12.9 11.6 13.5 24.5 sandy loam 
VL9-2 25 AB 25 0.7548 0.0698 5 64 7.20 64.8 11.7 12.6 10.9 24.3 sandy loam 
VL9-3 100 Bw 37 1.704 0.0454 4 61 7.30 74.3 10.1 8.0 7.6 18.1 sandy loam 
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VL9-4 100 C1 52 1.606 0.0298 3 63 7.40 79.1 8.6 6.5 5.8 15.1 loamy sand 
VL9-5 100 C2 68 2.288 0.0125 2 51 7.40 53.5 18.1 21.2 7.2 39.3 sandy loam 
VL9-6 100 C3 88 1.643 0.0214 3 49 7.45 72.4 14.3 8.8 4.6 23.1 sandy loam 
VM10-1 25 Ap 22 1.372 0.1392 5 84 5.50 44.4 15.7 17.2 22.7 32.9 loam 
VM10-2 100 A 33 0.914 0.0952 3 81 5.90 56.8 3.8 15.1 24.3 18.9 sandy clay loam 
VM10-3 100 AB 41 0.5801 0.067 4 96 6.45 54.0 10.2 12.4 23.5 22.5 sandy clay loam 
VM10-4 100 Bw 57 0.4231 0.0617 6 101 5.90 56.1 10.8 11.4 21.8 22.2 sandy clay loam 
VM10-5 100 Bt1 75 0.3224 0.0441 5 87 6.00 48.6 13.6 16.8 21.0 30.4 loam 
VM10-6 100 Bt2 92 0.2829 0.0476 5 93 6.25 48.1 13.3 16.8 21.8 30.1 loam 
VM10-7 >100 Bt3 103 0.9216 0.0476 6 77 7.20 45.1 17.4 20.4 17.1 37.8 loam 
VM10-8 >100 BC 114 2.31 0.0328 3 70 7.55 56.7 13.6 17.7 12.0 31.3 sandy loam 
VM1-1 25 Ap 18 2.165 0.1838 15 135 5.40 38.5 21.2 19.9 20.4 41.1 loam 
VM1-2 100 A1 37 2.18 0.173 5 78 5.15 25.3 21.9 27.2 25.6 49.1 loam 
VM1-3 100 A2 51 1.58 0.1407 4 72 5.20 26.2 21.1 27.8 24.9 48.9 loam 
VM1-4 100 AB 62 1.089 0.095 4 83 5.25 30.1 22.3 25.5 22.2 47.8 loam 
VM1-5 100 Bt1 73 0.659 0.0635 7 89 5.35 41.3 17.4 19.4 22.0 36.8 loam 
VM1-6 100 Bt2 87 0.4454 0.0443 12 93 5.40 51.9 13.7 11.3 23.1 25.0 sandy clay loam 
VM1-7 >100 BC 104 0.3359 0.0525 17 89 5.50 55.8 13.2 9.7 21.3 22.9 sandy clay loam 
VM1-8 >100 CB 114 0.2995 0.0305 15 92 5.65 62.0 11.6 8.8 17.7 20.3 sandy loam 
VM2-1 25 Ap 22 1.918 0.16 9 93 5.45 42.2 17.6 18.1 22.1 35.7 loam 
VM2-2 100 A 41 1.565 0.1292 5 67 5.25 34.3 20.6 20.7 24.4 41.2 loam 
VM2-3 100 AB 53 0.9932 0.0868 4 73 5.15 37.0 18.6 19.4 25.0 38.0 loam 
VM2-4 100 BA 64 0.7613 0.0892 4 86 5.15 41.1 16.7 16.7 25.4 33.4 loam 
VM2-5 100 Bt1 80 0.5265 0.0592 8 94 5.20 47.9 14.2 13.7 24.2 27.9 sandy clay loam 
VM2-6 >100 Bt2 104 0.3401 0.0361 12 95 5.40 52.1 13.8 11.8 22.3 25.6 sandy clay loam 
VM2-7 >100 Bt3 115 0.2818 0.0361 12 91 5.50 51.9 14.8 12.7 20.5 27.6 sandy clay loam 
VM3-1 25 Ap1 10 1.616 0.1485 22 145 6.20 52.1 17.6 12.7 17.6 30.3 sandy loam 
VM3-2 25 Ap2 24 1.402 0.14 9 82 5.25 50.9 18.0 12.2 18.9 30.2 loam 
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VM3-3 100 A 41 1.5 0.1489 4 70 5.50 38.9 20.4 18.1 22.6 38.5 loam 
VM3-4 100 AB 53 1.114 0.1107 4 69 6.35 32.2 21.5 20.8 25.5 42.4 loam 
VM3-5 100 BA 66 0.8177 0.0922 3 67 5.70 35.6 19.3 20.3 24.9 39.6 loam 
VM3-6 100 Bw1 80 0.5389 0.0666 4 82 5.65 48.0 15.9 13.5 22.6 29.4 loam 
VM3-7 100 Bw2 94 0.4043 0.0507 6 88 5.60 52.8 12.9 12.3 22.0 25.3 sandy clay loam 
VM3-8 >100 Bw3 107 0.309 0.0432 5 89 5.65 53.6 12.9 13.0 20.6 25.9 sandy clay loam 
VM3-9 >100 Bw4 118 0.3015 0.0354 5 88 5.60 55.4 12.7 12.3 19.6 25.0 sandy loam 
VM4-1 25 Ap 15 1.341 0.1362 4 82 6.70 53.1 15.0 12.4 19.6 27.3 sandy loam 
VM4-2 100 Bw1 34 2.361 0.0627 2 67 7.25 53.8 14.1 16.9 15.2 31.1 sandy loam 
VM4-3 100 Bw2 47 2.545 0.0387 1 73 7.40 59.9 11.0 16.4 12.7 27.4 sandy loam 
VM4-4 100 Bw3 62 3.042 0.0369 1 68 7.45 56.7 11.7 17.9 13.8 29.6 sandy loam 
VM4-5 100 Bw4 84 2.569 0.0264 1 106 7.45 52.0 14.5 18.4 15.1 32.9 loam/sandy loam 
VM4-6 >100 Bw5 111 2.624 0.0259 1 58 7.40 53.3 14.4 17.1 15.2 31.5 sandy loam 
VM4-7 >100 Bw6 122 2.981 0.0272 2 66 7.40 36.2 27.2 22.6 14.1 49.8 loam 
VM5-1 25 Ap1 12 2.379 0.2037 10 112 5.30 37.6 17.1 20.0 25.3 37.1 loam 
VM5-2 25 Ap2 22 2.037 0.1784 3 83 5.10 38.9 16.8 18.6 25.7 35.4 loam 
VM5-3 100 A 35 1.384 0.132 3 82 5.40 43.4 14.8 15.6 26.2 30.4 loam 
VM5-4 100 AB 47 0.8208 0.0856 2 92 5.40 48.1 13.8 14.0 24.1 27.8 sandy clay loam 
VM5-5 100 BA 57 0.4754 0.0679 2 91 5.55 51.4 13.3 13.3 22.0 26.6 sandy clay loam 
VM5-6 100 Bw1 75 0.4047 0.0541 2 97 5.70 50.9 13.2 14.8 21.1 28.0 loam/sandy clay loam 
VM5-7 100 Bw2 95 0.3059 0.0504 4 86 6.20 50.1 12.5 16.4 21.1 28.8 loam 
VM5-8 >100 BC 116 0.8817 0.0364 12 81 7.10 55.8 12.3 16.0 15.9 28.2 sandy loam 
VM6-1 25 Ap 19 2.727 0.2255 10 83 5.55 34.8 16.1 23.9 25.2 40.0 loam 
VM6-2 100 A1 33 2.857 0.2148 5 69 5.60 28.4 17.5 26.6 27.5 44.1 clay loam 
VM6-3 100 A2 53 2.238 0.1797 4 71 5.30 25.3 18.6 28.1 27.9 46.7 clay loam 
VM6-4 100 A3 71 1.65 0.137 3 79 5.20 22.3 20.0 29.3 28.4 49.2 clay loam 
VM6-5 100 AB 81 1.235 0.1212 3 84 5.15 22.0 19.4 29.3 29.3 48.7 clay loam 
VM6-6 100 Bt1 100 0.6784 0.069 6 93 5.25 28.3 18.7 25.0 28.0 43.7 clay loam 
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VM6-7 >100 Bt2 115 0.5096 0.0489 6 74 5.65 44.3 15.5 18.0 22.2 33.6 loam 
VM7-1 25 Ap 17 1.708 0.1505 8 104 5.00 43.7 14.6 17.2 24.5 31.8 loam 
VM7-2 100 AB 34 1.046 0.1036 2 96 5.60 39.5 12.2 18.3 30.0 30.5 clay loam 
VM7-3 100 BA 50 0.6755 0.0738 2 104 5.90 41.6 10.4 16.5 31.4 27.0 clay loam 
VM7-4 100 Bt1 67 0.4488 0.0507 1 109 5.70 42.3 8.9 18.1 30.8 27.0 clay loam 
VM7-5 100 Bt2 97 0.329 0.0423 3 108 6.05 46.1 9.4 16.7 27.8 26.1 sandy clay loam 
VM7-6 >100 Bt3 110 0.7777 0.0231 12 94 7.15 49.8 10.5 17.5 22.3 27.9 sandy clay loam 
VM7-7 >100 BC 127 1.505 0.0263 3 91 7.30 48.2 14.0 18.2 19.6 32.2 loam 
VM8-1 25 Ap 18 1.326 0.128 11 100 6.90 54.7 11.5 12.5 21.3 24.1 sandy clay loam 
VM8-2 100 AB 30 0.4552 0.0238 3 87 6.10 53.6 8.5 13.0 24.9 21.5 sandy clay loam 
VM8-3 100 Bw1 46 0.5707 0.0587 3 89 5.95 58.3 6.6 9.7 25.4 16.4 sandy clay loam 
VM8-4 100 Bw2 57 0.4094 0.058 3 100 6.05 70.5 5.8 5.1 18.6 10.9 sandy loam 
VM8-5 100 Bw3 70 0.2914 0.022 5 80 6.10 80.6 5.9 0.2 13.3 6.1 sandy loam 
VM8-6 100 Bw4 92 0.236 0.0333 6 79 6.35 79.4 5.3 4.1 11.2 9.4 sandy loam 
VM8-7 >100 Bw5 109 0.228 0.0354 5 85 6.35 76.6 4.1 5.5 13.7 9.6 sandy loam 
VM8-8 >100 BC 118 0.2118 0.031 9 93 6.30 77.8 7.2 5.2 9.8 12.3 sandy loam 
VM9-1 25 Ap 17 1.25 0.1389 5 88 6.45 52.1 15.2 13.5 19.2 28.7 sandy loam 
VM9-2 100 Bw1 33 0.5222 0.0671 2 72 6.20 52.4 12.6 17.2 17.8 29.8 sandy loam 
VM9-3 100 Bw2 54 0.5198 0.0444 3 70 7.25 57.6 13.0 15.4 14.0 28.4 sandy loam 
VM9-4 100 CB 74 2.19 0.0301 2 58 7.75 64.6 14.4 13.0 7.9 27.4 sandy loam 
VM9-5 >100 C 108 1.444 0.0084 1 33 7.80 85.4 8.6 2.6 3.4 11.2 loamy sand 
WH10-1 25 Ap 18 2.339 0.1731 19 132 5.75 38.1 18.8 18.0 25.1 36.8 loam 
WH10-2 100 A1 34 1.706 0.147 6 96 6.45 40.9 15.5 16.6 26.9 32.1 loam 
WH10-3 100 A2 46 1.005 0.0885 5 83 6.70 47.0 13.5 15.1 24.4 28.6 loam 
WH10-4 100 AB 59 1.041 0.0766 5 79 7.55 44.5 15.2 28.4 11.9 43.6 loam 
WH10-5 100 Bw1 70 3.291 0.0258 5 62 7.95 30.5 20.0 42.9 6.6 62.9 silt loam 
WH10-6 100 Bw2 90 2.968 0.0268 5 64 8.00 21.0 25.7 47.9 5.3 73.6 silt loam 
WH10-7 >100 Bg 106 2.872 0.015 6 96 7.95 17.8 26.4 50.3 5.5 76.8 silt loam 
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WH10-8 >100 BC 118 2.548 0.0101 5 78 7.90 47.3 11.9 35.3 5.4 47.2 sandy loam 
WH10-9 >100 C 125 3.018 0.0286 5 87 7.85 32.6 9.3 52.7 5.4 62.0 silt loam 
WH1-1 25 Ap 16 2.992 0.2357 205 740 5.90 21.9 22.8 26.6 28.8 49.4 clay loam 
WH1-2 100 A1 31 2.593 0.1968 161 583 6.15 19.5 20.8 30.4 29.3 51.2 silty clay loam 
WH1-3 100 A2 45 1.847 0.1545 51 539 6.40 18.8 20.0 29.4 31.7 49.4 silty clay loam 
WH1-4 100 A3 60 1.199 0.103 29 586 6.50 19.1 18.9 30.3 31.7 49.2 silty clay loam 
WH1-5 100 AB 77 0.6515 0.0725 14 525 6.70 28.0 19.3 23.9 28.8 43.2 clay loam 
WH1-6 100 Bt1 88 0.3903 0.0466 12 415 7.05 43.0 13.7 20.2 23.1 33.9 loam 
WH1-7 >100 Bt2 111 0.2989 0.048 24 396 7.35 48.7 11.0 16.0 24.3 27.0 sandy clay loam 
WH1-8 >100 Bt3 123 0.8127 0.0413 23 368 7.60 50.0 9.3 27.2 13.6 36.4 loam 
WH2-1 25 Ap 20 2.015 0.1378 228 350 7.50 41.7 14.8 21.7 21.8 36.5 loam 
WH2-2 100 A1 36 2.503 0.1707 464 314 7.15 40.7 15.2 20.9 23.2 36.1 loam 
WH2-3 100 A2 49 1.714 0.1382 455 294 7.00 34.9 15.8 20.1 29.2 35.9 clay loam 
WH2-4 100 A3 62 1.317 0.1082 323 355 6.95 36.1 17.3 18.9 27.7 36.2 clay loam 
WH2-5 100 A4 74 0.8908 0.0762 192 424 6.95 39.2 14.5 20.0 26.3 34.5 loam 
WH2-6 100 AB 88 0.5797 0.0671 89 403 7.30 42.8 13.4 17.0 26.8 30.4 loam 
WH2-7 100 Bt 100 0.3972 0.052 54 342 7.50 48.3 11.5 15.4 24.8 26.9 sandy clay loam 
WH2-8 >100 Cg 118 2.021 0.031 37 288 7.90 49.5 10.2 35.1 5.3 45.3 sandy loam 
WH3-1 25 Ap 18 2.758 0.2284 54 261 5.25 34.1 18.5 21.9 25.6 40.3 loam 
WH3-2 100 A1 34 2.297 0.1877 24 92 5.30 35.8 16.9 19.9 27.5 36.8 clay loam 
WH3-3 100 A2 56 1.450 0.1235 12 83 5.60 34.6 16.7 20.5 28.1 37.3 clay loam 
WH3-4 100 AB 69 0.9618 0.1022 9 105 6.20 37.2 15.1 19.6 28.0 34.8 clay loam 
WH3-5 100 BA 85 0.4981 0.0739 9 102 6.75 48.1 14.4 13.9 23.7 28.3 loam 
WH3-6 100 Bw 100 0.2985 0.0348 6 81 7.40 60.4 10.9 9.6 19.1 20.6 sandy loam 
WH3-7 >100 BCg 109 0.5157 0.0504 8 87 7.75 44.5 12.0 20.2 23.3 32.1 loam 
WH3-8 >100 Cg 125 2.225 0.0336 9 46 7.75 51.8 13.5 29.7 5.0 43.2 sandy loam 
WH4-1 25 Ap 18 2.7 0.2252 38 138 6.25 34.8 20.0 20.4 24.9 40.4 loam 
WH4-2 100 A1 31 2.052 0.1769 8 88 6.40 30.0 19.0 21.9 29.1 41.0 clay loam 
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WH4-3 100 A2 47 1.399 0.1374 5 74 6.95 29.8 21.9 23.9 24.4 45.8 loam 
WH4-4 100 AB 57 1.304 0.1085 5 68 7.75 30.6 23.0 40.8 5.6 63.8 silt loam 
WH4-5 100 Bw1 81 2.405 0.0469 5 48 7.95 38.4 21.6 36.8 3.3 58.4 silt loam 
WH4-6 >100 Bw2 102 2.392 0.0388 5 70 8.00 47.3 14.4 34.7 3.6 49.1 sandy loam 
WH4-7 >100 C 122 2.976 0.0288 6 76 7.95 36.2 22.1 38.1 3.5 60.3 silt loam 
WH5-1 25 Ap 18 2.807 0.2186 42 75 6.90 37.3 20.1 19.8 22.8 40.0 loam 
WH5-2 100 A1 32 2.113 0.1623 12 49 5.70 35.8 19.3 20.2 24.7 39.5 loam 
WH5-3 100 A2 43 1.452 0.1235 7 54 5.65 35.4 19.9 20.6 24.1 40.5 loam 
WH5-4 100 AB 59 1.04 0.1053 6 69 5.85 36.1 18.6 20.9 24.3 39.6 loam 
WH5-5 100 BA 72 0.6543 0.0675 6 66 6.15 40.6 17.7 19.0 22.8 36.7 loam 
WH5-6 100 Bw 90 0.4814 0.0477 8 80 6.40 41.5 16.2 20.7 21.6 36.9 loam 
WH5-7 >100 BC 110 0.4344 0.04 10 61 6.90 40.8 17.0 22.5 19.7 39.4 loam 
WH5-8 >100 C 124 1.108 0.0564 14 54 7.50 45.9 15.3 26.9 11.9 42.2 loam 
WH6-1 25 Ap1 11 5.495 0.3743 258 770 7.55 28.4 17.6 40.4 13.6 58.1 silt loam 
WH6-2 25 Ap2 25 7.573 0.5857 372 650 7.40 25.8 18.2 32.3 23.7 50.5 silt loam 
WH6-3 100 A1 35 4.683 0.3708 336 800 7.20 31.4 18.6 26.4 23.5 45.1 loam 
WH6-4 100 A2 50 5.393 0.3447 262 780 7.45 34.2 17.0 26.8 22.0 43.8 loam 
WH6-5 100 A3 64 4.275 0.3258 220 493 7.55 37.3 16.0 28.0 18.7 44.1 loam 
WH6-6 100 C1 82 1.521 0.0463 23 151 7.85 47.0 12.2 34.2 6.6 46.4 sandy loam 
WH6-7 100 C2 95 1.297 0.0254 5 113 7.80 44.5 11.5 41.7 2.3 53.3 silt loam 
WH6-8 >100 Ab1 110 1.407 0.0802 17 135 7.70 31.5 17.8 41.0 9.7 58.8 silt loam 
WH6-9 >100 Ab2 122 1.889 0.1457 65 216 7.50 24.2 20.8 31.9 23.1 52.7 silt loam 
WH7-1 25 Ap 20 2.662 0.1997 193 314 7.25 23.7 21.0 30.2 25.1 51.2 silt loam 
WH7-2 100 A1 32 4.358 0.2627 192 133 7.00 24.6 22.8 27.9 24.7 50.7 silt loam 
WH7-3 100 A2 45 2.705 0.1999 174 133 6.85 27.6 21.7 26.3 24.5 47.9 loam 
WH7-4 100 A3 64 1.899 0.1531 67 144 6.50 25.8 20.7 27.6 25.9 48.3 loam 
WH7-5 100 A4 83 1.234 0.1077 30 154 6.20 23.1 20.9 28.6 27.3 49.5 clay loam 
WH7-6 100 A5 97 0.7913 0.0761 17 162 6.50 23.7 21.3 28.5 26.6 49.7 loam 
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WH7-7 >100 Bt1 107 0.5462 0.0507 25 141 6.80 31.9 19.7 23.9 24.5 43.6 loam 
WH7-8 >100 Bt2 123 0.5101 0.045 32 154 7.15 39.3 14.0 21.5 25.1 35.6 loam 
WH8-1 25 Ap 20 2.695 0.2126 9 93 5.20 50.8 8.0 19.8 21.4 27.7 sandy clay loam 
WH8-2 100 A1 30 2.152 0.1737 5 70 5.40 37.8 16.5 22.7 22.9 39.3 loam 
WH8-3 100 A2 41 1.505 0.1278 6 78 5.55 36.7 16.1 24.1 23.1 40.2 loam 
WH8-4 100 A3 53 1.159 0.1079 6 96 5.65 36.2 15.5 25.7 22.6 41.2 loam 
WH8-5 100 AB 65 0.822 0.0753 5 93 5.75 37.5 12.4 28.1 22.0 40.5 loam 
WH8-6 100 Bt1 82 0.6174 0.0722 4 96 6.50 25.5 9.6 39.4 25.6 49.0 loam 
WH8-7 100 Bt2 99 0.455 0.0486 5 89 6.85 36.6 7.5 34.5 21.4 42.0 loam 
WH8-8 >100 Bt3 120 0.4437 0.0524 7 95 6.60 53.4 9.1 18.6 18.9 27.8 sandy loam 
WH9-1 25 Ap1 9 2.847 0.2320 43 151 6.30 27.5 19.6 24.7 28.3 44.3 clay loam 
WH9-2 100 Ap2 27 2.574 0.2037 148 83 6.20 28.9 18.7 25.1 27.3 43.8 clay loam 
WH9-3 100 A1 48 1.881 0.1492 10 75 6.05 33.9 15.7 23.8 26.6 39.5 loam 
WH9-4 100 A2 59 1.042 0.0849 8 119 6.00 40.5 14.8 22.4 22.2 37.2 loam 
WH9-5 100 A3 71 0.6614 0.0787 7 88 6.15 45.0 12.5 20.4 22.1 32.9 loam 
WH9-6 100 Bw 85 0.3778 0.0428 7 69 6.50 65.8 6.7 9.5 18.0 16.2 sandy loam 
WH9-7 100 C1 99 0.2762 0.0230 8 61 6.95 79.5 2.6 3.4 14.4 6.0 sandy loam 
WH9-8 >100 C2 113 0.2073 0.0043 18 36 7.50 87.7 2.5 1.1 8.6 3.7 loamy sand 
WH9-9 >100 C3 125 0.7205 0.0165 15 29 7.75 85.5 4.3 1.8 8.4 6.1 loamy sand 
WL10-1 25 Ap 14 1.424 0.1399 12 125 5.65 48.2 16.7 14.0 21.1 30.7 loam 
WL10-2 100 BA 34 0.6283 0.0669 4 96 6.05 48.5 13.9 14.4 23.2 28.2 loam 
WL10-3 100 Bw 55 0.4917 0.0546 7 90 7.05 52.2 13.8 14.6 19.5 28.4 sandy loam 
WL10-4 100 BC 66 1.949 0.0370 5 75 7.85 50.7 14.8 30.8 3.6 45.6 sandy loam 
WL10-5 100 CB 90 2.457 0.0375 5 80 7.95 50.9 14.4 31.5 3.2 45.9 sandy loam 
WL10-6 >100 C1 104 2.629 0.0272 5 80 7.95 51.4 15.0 30.2 3.4 45.2 sandy loam 
WL10-7 >100 C2 124 2.254 0.0331 5 82 7.95 50.0 15.1 31.3 3.6 46.4 sandy loam 
WL1-1 25 Ap 15 1.654 0.1566 15 170 5.50 51.4 16.5 14.1 18.0 30.6 loam 
WL1-2 100 A1 28 1.507 0.1437 6 90 5.60 40.6 20.2 17.4 21.9 37.6 loam 
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WL1-3 100 A2 39 1.247 0.1281 5 70 6.15 37.8 20.0 19.3 22.9 39.3 loam 
WL1-4 100 BA 57 0.9271 0.0947 5 85 6.45 36.1 20.2 21.2 22.4 41.4 loam 
WL1-5 100 Bt1 76 0.5582 0.0626 5 88 6.80 40.7 19.1 18.6 21.6 37.7 loam 
WL1-6 100 Bt2 89 0.3500 0.0463 5 85 7.25 51.9 17.0 13.5 17.6 30.5 loam 
WL1-7 >100 Bw 101 0.3084 0.0398 4 75 7.45 42.4 22.7 18.6 16.3 41.3 loam 
WL1-8 >100 B't3 117 0.3995 0.0447 11 86 7.65 39.6 19.9 22.4 18.1 42.2 loam 
WL1-9 >100 C 125 1.116 0.0504 5 84 7.80 34.5 18.7 28.9 18.0 47.6 loam 
WL2-1 25 Ap 20 1.541 0.1378 12 111 5.80 51.5 15.1 14.7 18.7 29.7 loam 
WL2-2 100 A 43 0.5207 0.0691 5 101 6.55 63.4 9.5 9.2 17.8 18.8 sandy loam 
WL2-3 100 AB 57 0.6738 0.0569 6 75 7.25 61.9 10.0 11.3 16.7 21.3 sandy loam 
WL2-4 100 Bw1 77 2.687 0.0405 5 25 8.00 51.2 15.2 18.4 15.3 33.5 loam 
WL2-5 100 Bw2 98 2.403 0.0248 5 66 8.05 51.0 14.7 18.3 16.0 33.0 loam 
WL2-6 >100 C 113 2.672 0.0362 4 63 8.10 52.1 14.7 17.9 15.3 32.6 sandy loam 
WL3-1 25 Ap 19 1.497 0.1397 13 125 5.55 48.0 16.1 15.0 20.9 31.1 loam 
WL3-2 100 AB 37 0.8558 0.0793 5 72 5.70 48.9 14.8 13.9 22.4 28.7 loam 
WL3-3 100 Bt1 57 0.4352 0.0601 4 87 6.50 51.7 12.7 13.8 21.7 26.5 sandy clay loam 
WL3-4 100 Bt2 70 0.3557 0.0365 4 88 6.80 47.7 13.2 16.4 22.8 29.5 loam 
WL3-5 100 BC 84 0.3392 0.0336 8 77 7.55 47.9 14.5 16.6 20.9 31.1 loam 
WL3-6 100 C1 99 2.281 0.0265 4 63 8.00 47.8 12.6 37.3 2.4 49.8 sandy loam 
WL3-7 >100 C2 113 2.163 0.0281 5 61 8.05 45.0 16.6 36.4 2.0 53.0 silt loam 
WL3-8 >100 C3 125 2.246 0.0139 4 62 8.00 42.0 18.9 37.8 1.3 56.7 silt loam 
WL4-1 25 Ap1 9 2.049 0.1762 15 152 5.35 37.1 21.2 21.2 20.5 42.5 loam 
WL4-2 25 Ap2 22 1.920 0.1700 8 91 5.25 33.1 22.0 21.2 23.7 43.3 loam 
WL4-3 100 A1 32 1.383 0.1299 5 92 5.95 31.4 21.1 22.6 24.9 43.7 loam 
WL4-4 100 A2 48 0.8700 0.0924 6 87 6.50 38.7 17.0 20.7 23.6 37.7 loam 
WL4-5 100 Bt1 60 0.5562 0.0696 21 71 7.05 51.4 12.9 15.0 20.6 28.0 loam/sandy clay loam 
WL4-6 100 Bt2 74 0.3712 0.0444 4 73 7.20 57.0 11.2 12.6 19.3 23.7 sandy loam 
WL4-7 100 Bt3 85 0.3376 0.0335 9 64 7.60 60.3 11.4 12.5 15.9 23.9 sandy loam 
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WL4-8 100 BC 96 1.672 0.0315 6 67 7.85 55.2 12.6 29.7 2.4 42.3 sandy loam 
WL4-9 >100 C 111 1.869 0.0251 6 69 7.70 56.2 13.0 28.6 2.3 41.6 sandy loam 
WL5-1 25 Ap 24 1.755 0.1584 9 102 5.70 44.9 12.2 27.4 15.5 39.6 loam 
WL5-2 100 AB 42 0.8925 0.1014 5 104 5.90 45.4 12.4 15.1 27.0 27.6 sandy clay loam 
WL5-3 100 Bw1 55 0.5371 0.0657 5 107 6.25 46.6 12.1 16.2 25.1 28.3 loam 
WL5-4 100 Bw2 73 0.5643 0.0605 6 76 7.35 49.3 13.5 16.8 20.5 30.3 loam 
WL5-5 100 C1 90 2.943 0.0401 5 66 7.85 48.6 12.8 36.7 1.9 49.5 sandy loam 
WL5-6 >100 C2 110 3.336 0.0287 5 55 8.10 39.4 15.8 43.1 1.6 58.9 silt loam 
WL5-7 >100 C3 123 2.333 0.0256 5 66 7.90 50.6 14.3 33.4 1.7 47.7 sandy loam 
WL6-1 25 Ap 14 2.029 0.1672 18 106 5.05 40.6 20.1 17.5 21.8 37.6 loam 
WL6-2 100 A1 26 1.972 0.165 6 68 5.25 31.8 20.0 21.8 26.4 41.8 loam 
WL6-3 100 A2 39 1.535 0.1364 6 89 5.75 29.4 21.0 22.7 27.0 43.7 loam/clay loam 
WL6-4 100 AB 49 1.088 0.0945 6 90 6.00 32.8 20.3 20.5 26.4 40.8 loam 
WL6-5 100 Bt1 61 0.7639 0.0735 6 105 6.35 37.3 20.2 17.4 25.1 37.6 loam 
WL6-6 100 Bt2 87 0.4465 0.0438 7 101 6.50 47.3 14.6 14.4 23.7 29.0 loam 
WL6-7 >100 Bt3 110 0.3906 0.0413 8 88 7.30 48.8 14.3 20.0 17.0 34.3 loam 
WL6-8 >100 C 123 1.918 0.0295 6 87 7.55 41.6 15.7 38.9 3.7 54.7 silt loam 
WL7-1 25 Ap 18 1.69 0.1603 16 154 5.20 43.4 18.6 15.4 22.6 34.0 loam 
WL7-2 100 A 28 1.193 0.1177 5 95 5.60 39.8 16.0 17.3 26.9 33.3 loam 
WL7-3 100 BA 38 0.8483 0.0894 5 92 5.90 41.5 17.0 14.3 27.2 31.3 clay loam 
WL7-4 100 Bt1 51 0.6708 0.0759 5 93 6.00 54.9 4.3 13.2 27.5 17.5 sandy clay loam 
WL7-5 100 Bt2 65 0.432 0.0504 6 85 6.25 46.9 14.2 12.6 26.3 26.8 sandy clay loam 
WL7-6 100 Bt3 76 0.3361 0.0476 7 90 6.50 50.1 13.0 12.9 24.0 25.9 sandy clay loam 
WL7-7 100 Bt4 95 0.3386 0.05 10 91 7.00 45.2 13.2 17.5 24.1 30.8 loam 
WL7-8 >100 C 124 2.118 0.0328 5 72 7.85 50.2 14.3 32.0 3.5 46.3 sandy loam 
WL8-1 25 Ap 19 1.577 0.1508 18 133 5.45 54.5 14.4 11.2 19.9 25.6 sandy loam 
WL8-2 100 A1 31 0.9303 0.091 5 89 5.95 57.7 11.9 10.8 19.6 22.7 sandy loam 
WL8-3 100 A2 47 0.6913 0.0814 6 101 6.50 61.0 11.5 9.6 17.9 21.1 sandy loam 
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WL8-4 100 C1 66 2.46 0.0426 8 67 7.60 67.9 12.4 16.7 3.0 29.1 sandy loam 
WL8-5 100 C2 81 2.134 0.0211 5 82 7.95 54.0 14.4 28.4 3.2 42.8 sandy loam 
WL8-6 >100 C3 106 2.187 0.0184 6 60 8.05 55.4 20.8 21.1 2.6 42.0 sandy loam 
WL9-1 25 Ap1 8 1.781 0.1367 13 120 5.95 47.7 17.2 14.1 21.1 31.2 loam 
WL9-2 25 Ap2 17 1.207 0.115 6 122 5.50 34.8 17.4 21.7 26.1 39.2 loam 
WL9-3 100 Bt1 35 0.6548 0.0762 4 109 6.20 35.5 15.6 24.2 24.7 39.8 loam 
WL9-4 100 Bt2 48 0.3194 0.0348 5 91 6.40 65.5 8.9 10.3 15.3 19.2 sandy loam 
WL9-5 100 Bt3 73 0.2698 0.0248 8 89 6.65 53.1 13.1 14.1 19.7 27.2 sandy loam 
WL9-6 100 BC 88 1.38 0.0301 6 79 7.85 51.5 15.6 28.1 4.9 43.7 sandy loam 
WL9-7 >100 C 119 1.974 0.0267 5 80 7.90 50.9 15.6 29.5 4.1 45.0 sandy loam 
WM10-
1 25 Ap1 12 2.019 0.1653 10 152 6.65 45.8 17.6 16.4 20.1 34.1 loam 
WM10-
2 25 Ap2 21 1.853 0.1491 5 100 5.50 46.2 15.9 16.3 21.7 32.1 loam 
WM10-
3 100 A1 31 1.659 0.1435 2 99 6.10 44.5 15.4 15.2 24.9 30.6 loam 
WM10-
4 100 A2 40 1.148 0.11 2 89 6.45 45.4 13.3 16.5 24.8 29.9 loam 
WM10-
5 100 A3 56 0.7879 0.0724 2 94 6.85 46.7 14.7 13.5 25.0 28.3 loam 
WM10-
6 100 Bw1 71 1.209 0.0411 3 74 7.65 51.8 11.7 28.6 7.9 40.3 loam 
WM10-
7 100 Bw2 83 2.27 0.0265 2 61 7.80 50.4 12.3 33.9 3.3 46.2 sandy loam 
WM10-
8 >100 BC 104 2.523 0.0162 3 63 7.80 50.3 13.0 32.1 4.6 45.1 sandy loam 
WM10-
9 >100 C 118 3.105 0.0129 4 70 7.85 51.4 13.1 30.9 4.6 43.9 sandy loam 
WM1-1 25 Ap 15 2.196 0.1871 8 121 6.15 40.3 18.7 19.3 21.6 38.0 loam 
WM1-2 100 A 35 1.514 0.1407 4 74 5.45 35.2 19.6 19.4 25.8 38.9 loam 
WM1-3 100 AB 51 0.7935 0.0858 16 90 6.15 40.9 17.2 18.1 23.8 35.3 loam 
WM1-4 100 Bw 67 0.4602 0.0603 2 87 6.85 51.3 13.5 15.0 20.1 28.5 loam 
WM1-5 100 BC 87 2.399 0.0293 1 76 7.80 48.3 15.8 21.9 14.0 37.7 loam 
WM1-6 100 C 99 2.849 0.0313 1 75 7.85 42.2 15.0 29.1 13.7 44.2 loam 
WM1-7 >100 Cg 116 2.498 0.0274 2 73 7.85 48.2 15.4 24.2 12.1 39.7 loam 
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WM2-1 25 Ap 17 2.462 0.1981 33 127 5.90 31.2 20.3 22.4 26.2 42.7 loam 
WM2-2 100 A1 27 1.949 0.1718 6 77 5.65 34.9 18.1 19.7 27.3 37.8 clay loam 
WM2-3 100 A2 42 1.573 0.1269 5 82 5.75 37.1 16.6 19.4 27.0 35.9 loam/clay loam 
WM2-4 100 AB 58 1.073 0.1009 4 86 5.95 42.0 16.6 15.8 25.5 32.4 loam 
WM2-5 100 BA 69 0.5678 0.0581 3 90 6.45 47.9 13.5 15.4 23.1 29.0 loam 
WM2-6 100 Bt1 80 0.4141 0.0456 2 102 6.75 51.2 12.6 14.6 21.6 27.2 sandy clay loam 
WM2-7 100 Bt2 93 0.5814 0.0405 4 91 7.50 51.0 13.3 26.0 9.8 39.3 loam 
WM2-8 >100 C 114 2.291 0.0371 4 80 7.50 49.2 17.3 29.1 4.4 46.4 sandy loam 
WM3-1 25 Ap 14 3.165 0.2483 32 132 6.05 29.1 28.6 16.8 25.4 45.4 loam 
WM3-2 100 A1 37 2.325 0.1902 8 84 6.00 33.1 17.4 22.1 27.4 39.4 clay loam 
WM3-3 100 A2 51 1.254 0.1065 4 81 6.20 39.2 16.3 19.7 24.8 36.0 loam 
WM3-4 100 AB 69 0.7075 0.0714 4 84 6.60 51.2 11.9 14.4 22.6 26.3 sandy clay loam 
WM3-5 100 Bw 91 0.2864 0.0239 6 87 7.20 61.0 9.2 12.6 17.3 21.7 sandy loam 
WM3-6 >100 BC 102 0.7371 0.0268 10 61 7.80 74.5 8.8 11.8 4.9 20.5 sandy loam 
WM3-7 >100 Cg 113 2.432 0.0261 2 76 7.75 44.4 12.6 39.6 3.5 52.1 silt loam 
WM3-8 >100 C 125 2.393 0.0403 3 79 7.70 50.5 12.8 32.0 4.7 44.8 sandy loam 
WM4-1 25 Ap 22 2.641 0.2208 26 166 4.80 22.4 20.4 28.7 28.5 49.1 clay loam 
WM4-2 100 A1 36 1.831 0.1636 6 85 5.30 19.8 20.3 29.1 30.7 49.4 silty clay loam 
WM4-3 100 A2 50 1.348 0.1227 5 103 5.60 18.9 19.7 30.6 30.8 50.3 silty clay loam 
WM4-4 100 A3 63 0.7952 0.0865 4 123 5.85 16.3 20.1 30.8 32.8 50.9 silty clay loam 
WM4-5 100 A4 78 0.5182 0.0574 4 131 6.05 15.4 17.7 35.7 31.3 53.4 silty clay loam 
WM4-6 100 Btg1 88 0.2944 0.0318 2 113 6.40 46.0 12.7 18.5 22.8 31.2 loam 
WM4-7 >100 Btg2 107 0.235 0.0383 4 109 6.85 45.6 11.0 20.7 22.8 31.7 loam 
WM4-8 >100 BCg 126 0.2521 0.03 19 97 6.90 55.7 10.0 15.0 19.2 25.1 sandy loam 
WM5-1 25 Ap 17 2.411 0.191 51 159 6.75 40.9 16.7 18.7 23.7 35.4 loam 
WM5-2 100 A1 34 2.282 0.1757 16 83 6.05 39.4 14.3 18.8 27.6 33.0 clay loam 
WM5-3 100 A2 50 1.527 0.1159 9 88 5.50 41.6 14.7 14.3 29.4 28.9 clay loam 
WM5-4 100 AB 63 0.9936 0.0875 6 100 5.50 42.9 13.7 13.5 29.9 27.2 clay loam 
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WM5-5 100 Bt1 79 0.6267 0.0633 5 102 6.05 46.2 12.9 13.0 27.9 25.9 sandy clay loam 
WM5-6 >100 Bt2 102 0.4317 0.0469 5 100 6.50 48.1 12.2 15.0 24.7 27.2 sandy clay loam 
WM5-7 >100 BC 116 0.7711 0.0548 13 110 7.40 51.6 13.4 15.3 19.7 28.8 loam 
WM5-8 >100 C 123 2.121 0.0294 3 80 7.70 52.0 10.8 32.4 4.8 43.2 sandy loam 
WM6-1 25 Ap 19 2.277 0.1931 25 146 4.30 29.3 22.4 22.1 26.2 44.5 loam 
WM6-2 100 A1 33 2.095 0.1778 3 80 4.90 19.8 24.5 25.8 29.9 50.3 silty clay loam 
WM6-3 100 A2 46 1.450 0.1372 3 87 5.35 21.7 23.4 26.3 28.6 49.7 clay loam 
WM6-4 100 AB 59 0.8982 0.0844 4 91 5.35 28.0 22.0 22.9 27.1 44.9 clay loam 
WM6-5 100 BA 75 0.5252 0.0634 8 87 5.75 47.8 17.0 14.6 20.6 31.5 loam 
WM6-6 100 Bw 96 0.3220 0.0500 9 87 5.85 60.7 12.0 10.3 17.1 22.2 sandy loam 
WM6-7 >100 Bt 110 0.2788 0.0327 5 98 6.25 54.0 9.5 17.3 19.2 26.8 sandy loam 
WM6-8 >100 C 122 0.2662 0.0327 13 98 6.50 55.3 10.5 16.2 18.0 26.7 sandy loam 
WM7-1 25 Ap 23 2.056 0.1599 9 101 5.50 43.1 15.9 17.5 23.6 33.4 loam 
WM7-2 100 A1 39 1.528 0.1377 3 80 8.85 44.6 15.2 13.8 26.4 29.0 loam 
WM7-3 100 A2 57 0.9712 0.1017 2 98 6.25 48.7 12.2 12.8 26.3 25.0 sandy clay loam 
WM7-4 100 A3 68 0.6687 0.0767 1 97 6.30 48.2 12.5 14.1 25.2 26.6 sandy clay loam 
WM7-5 100 Bw1 82 0.4492 0.065 2 93 6.95 51.2 11.5 14.1 23.3 25.6 sandy clay loam 
WM7-6 100 Bw2 93 1.171 0.0454 3 87 7.75 52.6 11.2 31.2 5.1 42.3 sandy loam 
WM7-7 >100 BC 103 2.083 0.0436 6 48 7.95 53.7 12.4 30.3 3.6 42.7 sandy loam 
WM7-8 >100 Cg 118 2.133 0.0361 6 71 7.80 53.1 12.8 31.1 3.1 43.9 sandy loam 
WM8-1 25 Ap 18 2.473 0.1983 204 630 7.45 30.1 20.3 25.4 24.3 45.6 loam 
WM8-2 100 A 28 2.875 0.2178 218 450 7.45 35.3 18.8 23.6 22.3 42.4 loam 
WM8-3 100 C 41 2.16 0.0392 33 484 7.95 47.3 409.6 -361.8 4.9 47.8 sandy loam 
WM8-4 100 Apb 58 1.16 0.1094 156 1030 7.55 18.4 19.6 32.7 29.4 52.3 silty clay loam 
WM8-5 100 Ab 69 0.6888 0.0809 86 1370 7.10 19.5 19.8 30.6 30.1 50.4 silty clay loam 
WM8-6 100 Bt1 80 0.4154 0.0491 30 1070 7.10 37.0 16.0 21.8 25.2 37.8 loam 
WM8-7 100 Bt2 96 0.2963 0.0452 16 910 7.25 51.2 12.7 15.0 21.0 27.8 sandy clay loam 
WM8-8 >100 BC 109 0.5136 0.0314 18 1060 7.90 61.0 2.5 15.7 20.8 18.2 sandy clay loam 
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WM8-9 >100 C 123 1.689 0.0287 13 770 7.90 48.8 16.2 29.5 5.4 45.8 sandy loam 
WM9-1 25 Ap 17 2.493 0.2081 18 202 5.15 30.7 19.8 22.8 26.6 42.6 loam 
WM9-2 100 A1 34 2.361 0.1931 5 99 5.50 24.7 20.8 25.2 29.2 46.1 clay loam 
WM9-3 100 A2 49 1.555 0.1332 4 88 5.65 26.1 19.8 24.4 29.6 44.3 clay loam 
WM9-4 100 AB 61 0.9581 0.0912 4 94 5.90 28.3 20.2 21.5 29.9 41.8 clay loam 
WM9-5 100 BA 77 0.6458 0.0745 3 100 6.25 36.6 18.7 17.7 27.0 36.4 loam/clay loam 
WM9-6 100 Bt1 92 0.329 0.0512 2 110 6.75 52.7 11.9 13.5 22.0 25.4 sandy clay loam 
WM9-7 >100 Bt2 103 0.2923 0.0393 11 104 7.35 52.2 10.9 15.0 21.9 25.9 sandy clay loam 
WM9-8 >100 BC 113 2.084 0.026 5 88 7.75 51.6 12.9 30.3 5.1 43.2 sandy loam 
WM9-9 >100 Cg 125 2.417 0.0278 4 83 7.80 51.3 12.8 32.6 3.3 45.4 sandy loam 
 
 
